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Description 

T0001} This application is a continuation-in-part of co- 
pending application Serial No. 08/680.-698. filed June 3. 
1996. 3 

e\M of the Invention 

[0002] The present invention relates generally to im- 
mobilized chemically functional entities. More particu- « 
larty. the invention relates to materials and methods for 
the immobilization of bioactive species onto polymeric 
substrates. 

Back ground of the Invention 15 

[0003] In the fields of biotechnology, biomedicine. and 
bioremediation. forexample. btoactive species are often 
immobilized onto a support member to more effectively 
utilize the bioactive species. The term -immobilize.- and » 
its derivatives, as used herein refers to the attachment 
of a bioactive species directly to a support member or 
to a support member through at least one intermediate 
component As used herein, the term 'attach" and its 
derivatives refer to adsorption, such as. physisorptton » 
or chemisorption, ligand/receptor interaction, covalent 
bonding, hydrogen bonding, or ionic bonding of a poly- 
meric substance or a btoactive species to a support 
member. Btoactive species include enzymes, organic 
catalysts, ribozymes. organometallics, proteins, glyco- » 
proteins, peptides, polyamtoo acids, antibodies, nucleic 
acids, steroidal molecules, antibiotics, anUmycotics. cy- 
tokines, carbohydrates, oteophobfcs, lipids, pharma- 
ceuticals, and therapeutics, forexample. Cells, such as, K 
mammalian ceils, reptilian celts, amphibian cells, avian 35 
cells, insect cells, planktonic cells, cells from non-mam- 
maUan marine vertebrates and invertebrates, plant 
celts, microbial cells, protests, genetically engineered 
cells, and organelles, such as mitochondria, are also bi- 
oactive species. In addition, non-cellular biological en- *° 
tities. such as viruses, virenos, and prions are consid- 
ered bioactive species. 

[0004] There are various materials suitable for use as 
a support member for immobilizing btoactive species. 
Examples of these materials include hydrocarbon poly- < 5 
mors, flucfocarbon polymers, ceramics, and metals. Of 
these materials, polytetrafluoroethytene and porous pol- 
ytetrafluoroethytene, are of particular interest as support 
members. Polytetrafluoroethytene (PTFE) is a hydro- 
phobic fkjorocarbon polymer well known to have excep- 50 
ttonal resistance to solvent and chemical attack. Porous 
polytetrafluoroethytene can be made in a variety of 
ways, for example, coextruston of a pofytetrafluoroeth- 
ylene extrudate with a readily vaporizaWe material, such 
as naptha. forms a material from which the readily va- » 
porizable material is ultimately removed to render the 
material porous (See U.S. Patent No. 3,281.511. which 
is incorporated herein by reference). Expanded poly- 



tetrafluoroethytene <ePTFE) or stretched potytetrafluor- 
oethytene are porous fluorocarbon polymer materials 
characterized primarily by a multiplicity of interconnect- 
ing voids defined by nodes and fibrte of porytetraflu- 
orethytene material. Expanded PTFE materials, includ- 
ing ePTPE membranes and films described herembe- 
low, may be made according to the teachings of U.S. 
Patent Nos. 3.953,«6, 3.962,153. 4,096.227, 
4,187,390. and 4,902.423. each of which is incorporated 
herein by reference. In general, porous PTFE materials 
are chemically stable and very biocompatible. The ma- 
terials have easily controlled pore sizes with large sur- 
face area/volume ratios, good mechanical strength, and 
good resistance to fouling, among other properties. Ac- 
cordingly, these materials are attractive as support 
members for the immobilization of btoactive species. 
[0005] Several methods for immobilizing btoactive 
species onto fluorocarbon polymers, such as PTFE, po- 
rous PTFE. or hydrocarbon polymeric materials have 
been taught in the literature. These methods inctode. for 
example, chemical modifications of the polymeric ma- 
terial to form chemicaty reactive groups thereon for cov- 
alent bonding of a btoactive species to the material, ad- 
sorption of a bioactive species to the polymeric material, 
and modifying the polymeric material and/or a btoactive 
species with compatibilizers, surfactants, or wetting 
agents to alter their surface energies. As described be- 
low, there are difftoutties with each of these methods. 
[0006] Due to the extreme chemical inertness of the 
backbone of fluorocarbon polymer 
bon polymers, only highly energetic classes of reactions 
can successfully alter the backbone of these materials 
to produce chemically reactive organic moieties there- 
on. When chemically reactive organic moieties are 
formed along the backbone of a fluorocarbon or hydro- 
carbon polymer, bioactive species can be attached to 
the moieties. For example, enzymes have been chem- 
ically attached onto ammonia plasma-treated fkioropol- 
ymer surfaces using ammonia plasma and gkrtarakJe- 
hyde (See M. Kawakaml, H. Koya, and S. Gondo, Tn> 
mobtRzatton of glucose oxidase on polymer membranes 
treated by low-temperature plasma." Biotech. Btoeng., 
32: 369. (1988)), or aminosHane and ghrtaraldehyde (J. 
M. Taylor. M. Cheryan. T. Richardson, and N.F. Olson, 
•Pepsin immobilized on inorganic supports for the con- 
tinuous coagulation of skim milk," Biotech. Btoeng.. 19: 
683 (1977). for example). Representative examples of 
these highly energetic reactions include, thermal de- 
composition (U.S. Patent No. 5.296.510. issued to 
Shigeru et al.), irradiation with electrons, gamma rays, 
radio waves, microwaves (T. Kasemura. S. Ozawa. K. 
Hattori. "Surface Modification of Fluorinated Polymers 
by Microwave Plasmas." J. Adhesion. 33: 33 (1990); 
Commonwealth Scientific and Industrial Research Or- 
ganisation in PCT/AU89/00220; Y. Ito. Y. Iguchi. T. 
Kashiwagi. Y. Imanisihi. "Synthesis and nonthrombo- 
genicfly of potyetherurethaneurea film grafted with poly 
{sodium vinyl sulfonate)." J Btomed. Mater. Res., 25: 
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1347 (1991); and Y. Ito. M. Kajihara. Y. Imanishi, "Ma- 
terials for enhancing cell adhesion by immobilization of 
cell adhesive peptide,' J. Biomed. Mater. Res., 25: 1325 
(1991)), or UV light (K. Allmer, A.E. Feiring, "Photo- 
chemical Modification of a Fhjoropolymer Surface," 5 
Macromolecules. 24: 5487 (1991); A.B. Pointer, W.R. 
Jones Jr., R.H. Janse, "Surface energy changes pro- 
duced by ultraviolet-ozone irradiation of poly(methyl 
methacrytate), polycarbonate, and polytetrafkioroethyt- 
ene," Polym. Eng. Sci. . 34: 1233 (1994)), glow dis- n 
charge irradiation (R. Sipehia, G. Martucci, M. Barbaro- 
sie, C. Wu, "Enhanced Attachment of and Growth of Hu- 
man Endothelial Cells Derived from Umbilical Veins on 
Ammonia Plasma Modified Surfaces of PTFE and ePT- 
FE Synthetic Vascular Graft Biomaterials," Biomat. Art. * 5 
Cells Immob. Biotech. . 21: 455 (1993)), and redox re- 
actions with strong nucleophiles such as sodium or po- 
tassium aryioxides (CA Costello, T.J. McCarthy, "Sur- 
face-selective Introduction of Specific Functionalities 
onto Pofy(tetrafluoroethylene)." Macromolecules . 20: 20 
2819 (1987); A.J. Oias, TJ. McCarthy. "Introduction of 
carboxytic acid, aldehyde, and alcohol functional groups 
onto the surface of poly(chlorotrifluoroethylene)," Mac- 
romolecules. 20: 2068 (1987); G.E. Sweet, J.P. Bell, 
"Selective chemical etching of poly(ethytene terephtha- 25 
late) using primary amines," J. Polym. Sci. Phys. Ed. . 
16: 1935 (1978); and H.B. Un, S.L Cooper, "Poly- 
urethane copolymers containing covalently attached 
RGO-peptide," Mat Res. Soc. Symp. Proc.. 252: 185 
(1992)), or ozone (R.L Daubendiek, J.G. Calvert, The 
Reaction of Ozone with Perfluorinated Polyolefins," En- 
viron. Lett. . 6: 253 (1974)). 

[00071 These high-energy modifications can be highly 
destructive to polymeric materials, however. With PTFE 
and porous PTFE, for example, high-energy modifica- 
tions of the fluorocarbon backbone often leads to un- 
controlled surface erosion of the material, deporymeri- 
zation of the perfkjorocarbon backbone (A.B. Pointer, 
W.R. Jones Jr., R.H. Jansen, "Surface Energy Changes 
Produced by Ultraviolet-ozone Irradiation of Poty(me- 40 
thyl methacrylate), Polycarbonate, and Polytetrafluor- 
oethyiene," Polym. Eng. Sci. . 34: 1233 (1994)), reduc- 
tion in the strength of the polymer substrate (S. 
Kanazawa, T. Takigucht, A. Nishimora, T. Morita, and A. 
Uno, "Development of a Hydrophilic PTFE porous mem- *5 
brane filter," Sumitomo Denki. 147:99(SepL, 1995). and 
loss of defined fibrillar structure of porous expanded PT- 
FE (U.S. Patent No. 5,462,781. issued to Zukowski). 
[0008] Furthermore, high energy modifications to hy- 
drocarbon polymers and fluorocarbon polymers, such 
as PTFE or porous PTFE, often produce reactive com- 
positions on the hydrocarbon or fluorocarbon backbone 
that have an undeterminable surface density, chemical 
identity, and chemical stability (X. Xie, T.R. Gengen- 
bach, and H.J. Griesser, "Changes in wettability with 
time of plasma modified perfluorinated polymers," J. Ad- 
hesion Sci. Techno!. , 6:1411 (1992). In addition, the 
modification of the hydrocarbon or perfluorocarbon 
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backbone may be spatially uneven, with microscopic or 
macroscopic areas of the polymer remaining unmodi- 
fied. At best, these surface compositions can only be 
empirically determined and so may be only partially 
known. 

[0009] With a hydrophobic porous polymer, such as 
ePTFE or porous polyethylene, for example, modifica- 
tion of the backbone may be limited to the outer layers 
of the porous material, with the inner pore structures re- 
maining mostly or completely unmodified. As a result, 
the unmodified regions of the polymer support member 
remain hydrophobic and so do not readfly support wet- 
ting with high surface tension fluids. In the absence of 
such wetting, continuous passage of high surface ten- 
sion fluids through the support member for mass trans- 
port of reactants or nutrients to and from an immobilized 
bioactive species cannot be established or maintained. 
Intermittent or incomplete passage of high surface ten- 
sion fluid phases in a porous polymer support member 
can lead to channeling of the high surface tension fluid 
through only portions of the porous material, resulting 
in reduced efficiency. Moreover, these unmodified areas 
cannot be immobilized with bioactive species, resulting 
in inefficient use of the high surface area of the porous 
material. 

[0010] Due to these limitations, modification of the 
backbone of a hydrocarbon or fluorocarbon polymer 
support member with a high energy reaction is most of- 
ten an unsuitable method for immobilization of bioactive 
species. 

[001 1] As an alternative to these chemical modifica- 
tions of polymeric surfaces, nonchemical methods have 
been employed to attach bioactive species to hydrocar- 
bon and fluorocarbon support members. In the simplest 
method, a bioactive species is immobifized onto the sur- 
faces of a fluorocarbon polymer via simple physico- 
chemical adsorption. For example, M. Rucha, B. Turk- 
iewicz, and J.S. Zuk, "Polymeric membranes for lipase 
immobilization." J. Am. OH Chem. Soc. . 67: 887 (1990) 
and Shutts, M. et al., • Continuous In Vivo Glucose Anal- 
ysis Based On Immobilized Enzyme Bound To Deriva- 
tized Teflon Membrane," Trans. ASAIO . 25: 66 (1979) 
each teach enzyme physisorption onto ePTFE. Howev- 
er, physisorption of bioactive species is often kineUcaDy 
and thermodynamicaMy unstable, highly reversible, and 
competitively displaced by solution phase reactants, 
products, or nutrients. In addition, physisorption may al- 
ter or damage the bioactive species. Thus, physisorp- 
tion of bioactive species to hydrocarbon polymer or 
fluorocarbon polymer support members is not usually a 
suitable immobilization technique. Furthermore, the hy- 
drophobic properties of a porous hydrocarbon polymer 
or porous fluorocarbon polymer support member, such 
as ePTFE, often prevent physisorption of a bioactive 
species in the inner pore structures of the support mem- 
ber. 

[0012] In another non-chemical immobilization 
scheme, bioactive species such as ceils have been im- 
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mobilized to porous PTfE support members. For exam- 
ple, bacteria and yeast cetis have been immobilized in 
PTFE fibril matrices using an^mulston of PTFE and sur- 
factants (F.W. Hyde, <3.R. Hunt, and LA. Errede, "Im- 
mobilization of bacteria and Saccharomyces cerevisiae 
in polyttetrafluoroethylene) membranes." AopI. Environ. 
Microbial. , 57: 219 (1991)) The surfactant is necessary 
to ensure for the presence of a continuous water phase 
throughout the emulsion in order to allow diffusion of nu- 
trients to cells immobilized within the porous regions of 
the material. This method for immobilization of cells in 
the porous matrices of a fkiorocarbon polymer is quite 
harsh, however, as many surfactants are cytotoxic. As 
a result, this method is not generally applicable to aO ceB 
types because the reaction conditions are often toxic to 
cell types such as plant or mammalian cells. In addition, 
the surfactant may initially obstruct some or all of the 
void space of the pores in such a porous support mem- 
ber. Lastly, the surfactant may leach from the support 
member with time. This often presents a toxic environ- 
ment to the immobilized cells or channelling of nutrients, 
resulting in a heterogeneous distribution of cells within 
the porous support member. Accordingly, this is often 
an unsuitable method for the immobilization of bioactive 
species. 

(001 3] In yet another non-chemical method, mamma- 
lian cells have been immobilized within ePTFE support 
members by forcing the cells into the pores of the ma- 
terial by hydrostatic pressure (University of Washington, 
PCT/US95/03735). However, celt viability is often low 
due to mechanical shearing forces produced during the 
process. In addition, the ePTFE remains hydrophobic 
and mass transport of liquid water across the thickness 
of the material may remain tow, resulting in suboptimal 
transport of nutrients to the immobilized cells. 
[001 4J In an attempt to improve the immobilization of 
bioactive species adsorbed onto hydrocarbon or ftuoro- 
carbon polymer support members, the hydro phobfcity 
of the surfaces of such polymer support members can 
be modified with hydrophilic surface active agents, or 
surfactants. Hydrophobic surfaces are low energy sur- 
faces that are readily wetted by tow surface tension flu- 
ids, such as low molecular weight hydrocarbons or al- 
cohols, and most tow molecular weight organic solvents, 
such as benzene, acetone, toluene, and dioxane, etc. 
Hydrophilic surfaces, on the other hand, are high energy 
surfaces that are readily wetted by high surface tension 
fluids. Examples of high surface tension fluids include, 
but are not limited to. liquid water, aqueous salt and pro- 
tein solutions, dimethyl formamide. dimethyl sulfoxide, 
glycerol, hexamethyt phosphorictriamide, formamide, 
and glycol, for example. In these methods, surfactants 
were physisorbed onto the surfaces of a polymeric hy- 
drocarbon or fluorocarbon support member. When a 
surfactant is applied to the surfaces of a hydrophobic 
polymeric support member, the surface energy of the 
support member is usually increased. The increased 
surface energy of the support member often facilitates 



attachment of a bioactive species to the support mem- 
ber. For example. U.S. Patent Nos. 5,077.215, issued 
to McAuslan et aL, 5,183,545. issued to Branca et al., 
and 5,203,997 issued to Koyama et al.. teach the ad- 

5 sorption off anionic and nontonic fluorocarbon sur- 
factants to the surface of fluorocarbon support members 
to modify their hydrophobidty. As a result, the normally 
hydrophobic surface of the polymer was rendered more 
hydrophilic. This was followed by physisorption of a bi- 

10 oactive species onto the surfactant-modified polymer 
surface. 

[00151 ^ similar methods, the adsorption of sur- 
factants onto polymeric support members, is taught 
wherein bioactive species are subsequently bound to 

15 the adsorbed surfactants. For example. U.S. Patent No. 
5,263,992. issued to Cure et al.. teaches adsorption of 
polymeric chains to a support member, to which btomol- 
ecutes are attached through a photoactive agent. In this 
manner, bioactive species were more readBy immobi- 

20 lized onto the support member than if directly immobi- 
lized onto the underlying hydrophobic polymer surface. 
Alternatively, the bioactive species may be covaientty 
bonded directly to the surfactant rather than phy- 
sisorbed thereto (See also. U.S. Patent No. 4,619,897. 

25 issued to Hato et at., for example). 

1001 6] In these methods, the presence of a surfactant 
provided for a surface having a hydrophiKcity that initially 
enhanced the immobilization of bioactive species. For 
porous support members, the surfactant also initially 

30 provided continuous water phases through the pores of 
the support member. As discussed in greater detail be- 
low, immobilization off bioactive species with surfactants 
is usualy unstable over time, however. 
{0017] The physfcochemical stability of the immobi- 

35 lized bioactive species is another concern when bioac- 
tive species are immobilized with surfactants. The ad- 
sorption of surfactants to a polymeric support member 
can serve to enhance the strength of btospecies adsorp- 
tion, but the btospecies may desorb from the surfactant- 

40 treated surface nevertheless. In order to improve the re- 
tention of the bioactive species on a support member, 
U.S. Patent No. 4,885.250. issued to cfEveteigh. teach- 
es modifying btotogfcal Uganda themselves with sur- 
factants prior to physisorption of the surfactant onto the 

45 support member. However, modification of bioactive 
species with surfactants prior to physisorptton onto hy- 
drophobic polymer surfaces may dramatically impact 
the bioactivity of the bioactive species. For example, the 
enzyme lactate dehydrogenase was admixed with sur- 

so factants and physisorbed onto PTFE rnicroparticles re- 
sulting in a drop in enzymatic activity of 96% (N.D. Dan- 
ieteon, and R.W. Siergiej. nmmobilizatton of enzymes 
on porytetrafluoroethytene particles packed in HPLC 
columns, - Biotech. Bioeng. . 23: 1913 (1981)). In anoth- 

55 er example, the enzyme urease was modified with per- 
fluoroalkyl chains and then physisorbed onto ePTF€ re- 
sulting in an initial drop in enzymatic activity of 10 -18% 
and poor overall enzymatic stability (R.K. Kobos. J.W. 
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Eveleigh, M.L Stepler, BJ. Haley, S.L Papa, "Fluoro- 
carbon-Based Immobilization Method for Preparation of 
Enzyme Electrodes," Anal. Chem. . 60: 1996(1968)). Ad- 
ditionally, adsorbed surfactant-modified bioactive spe- 
cies may remain molecularry motile and may migrate 
and cluster on the surface of a hydrocarbon polymer or 
fluorocarbon polymer support member. This effect may 
be accelerated with the application of cosolvents, 
changes in pH, or elevated temperatures, such as auto- 
claving, often leading to significant reorganization of the 
bioactive species on the surface of the support member. 
This can cause a loss in wetting potential of the support 
member with high surface tension liquids and/or uneven 
spatial immobilization of a bioactive species (U.S. Pat- 
ent No, 5,352,511, issued to Abaysekara et al.). As a 
result of these limitations, modification of a bioactive 
species with a surfactant prior to immobilizing the bio- 
active species to a hydrophobic support member is most 
often an unsuitable method. 

[001 8] Surfactants, whether physisorbed onto a hy- 
drophobic support member or attached to a bioactive 
species and then adsorbed to a hydrophobic support 
member, are subject to desorption. For example, R.I. 
Foster, et al. in "Analysis of Urokinase Immobilization 
on the poJytetrafluoroethytene vascular prosthesis," 
Am. J. Surg. , 156: 130 (1988) teach adsorption of the 
hydrocarbon surfactant tridodecylmethyl-ammonium 
chloride onto the surfaces of ePTFE followed by immo- 
bilization" of the enzyme urokinase to the surfactant The 
adsorption, was unstable and the enzyme/surfactant 
construct was eventually displaced. An additional limi- 
tation with this immobilization method is the tendency 
for the surfactant to leach into the solute phase, often 
with undesired consequences, such as contamination 
or inactivation of desired products or the bioactive spe- 
cies. Accordingly, immobilization of bioactive species 
onto a hydrophobic support member with a surfactant is 
usually unstable, short-lived, and potentially harmful to 
the bioactive species. 

[0019] The stability of surfactant adsorption on a hy- 
drocarbon or fluorocarbon polymer surface can be en- 
hanced by increasing the molecular weight of the sur- 
factant (J.H. Lee. J. Kopecek, J.D. Andrade. "Protein- 
Resistant Surfaces Prepared by PEO-Containing Block 
Copolymer Surfactants," J. Biomed. Mater. Res. . 23: 
351 (1969)) or by lowering the molecular entropy of the 
surfactant (J.H. Lee, P. Kopeckova. J. Kopecek, J.D. An- 
drade, "Surface Properties of Alkyl Methacrylates with 
Methoxy (polyethylene oxide) Methacrylates and Their 
Application as Protein-resistant Coatings." Biomateri- 
als, 11: 455 (1990)). Either of these approaches can be 
accomplished by producing surfactants with branched 
or comb-like hydrocarbon chains, rather than linear hy- 
drocarbon chains, for example. However, the stability of 
the adsorbed surfactant may still be transient, albeit 
much stronger, and may desorb from the support sur- 
face nevertheless, rendering this technique potentially 
unfeasible for long term applications. 
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[0020] In another method to reduce surfactant des- 
orption or surfactant motility, adsorbed surfactant chains 
may be covalentry cross-linked to adjacent adsorbed 
surfactant chains, producing new surface-bound planar 
molecules. The resulting planar molecules are of very 
high molecular weight and have greatly reduced molec- 
ular entropy. This type of cross-linking dramatically re- 
duces the incidence of desorptton or surface migration 
of the surfactant. For example, U.S. Patent Nos. 
4,929,666. issued to Schmidt et al., and 5.006.624. is- 
sued to Schmidt et al. teach adsorbing copolymers of 
fiuoroalkyf acrylates and carboxyitc vinyls, respectively, 
onto fluorocarbon polymer surfaces, followed by surface 
cross-linking of adsorbed carboxylic moieties to pro- 
duce a coating highly stable to surface reorganization 
or to desorption. In another example, a hydrophilic fluor- 
ocarbon polymer of tetrafluoroethylene-co- vinyl alcohol 
was adsorbed and chemically cross-linked to itself using 
a polyether bisoxirane cross-linker (U.S. Patent No. 
5.354.587. issued to Abaysekara). In another example, 
a hydrophilic hydrocarbon polymer of polyvinyl alcohol 
was adsorbed and cross-linked to itself using a diaWe- 
hyde cross-linker (U.S. Patent Nos. 4,113.912 and 
4.193. 138. both issued to Okita). This resulted in the eP- 
TFE surface being rendered wettable with liquid water 
and the adsorbed copolymer molecules being highly re- 
sistant to desorption or to surface migration. However, 
these hydrophilic surfaces have limited or greatly re- 
duced numbers of chemically functional groups to which 
additional polymers or bioactive species can be at- 
tached. If the adsorbed copolymer layer is deficient in 
the desired number or identity of chemically functional 
groups it possesses, then the capacity of the adsorbed 
copolymer or surfactant layer to immobilize bioactive 
species will always remain suboptimat. Accordingly, this 
type of cross-linking of adsorbed surfactant or copoly- 
mer molecules on hydrocarbon or fluorocarbon polymer 
support members is often unsuitable for the subsequent 
immobilization of bioactive species. 
[0021] A support member having chemically stable 
and chemically variable hydrophilic polymeric surfaces 
attached thereto as a substrate upon which bioactive 
species are stably and efficiently immobilized would be 
useful. Such a construction would enable a practitioner 
to increase the number and/or variety of immobilized bi- 
oactive species. A practitioner would also be able to se- 
lect a conjugation scheme for immobilization of a bioac- 
tive species that is best suited for the particular bioactive 
species. 

Summary of the Invention 

[0022] As described in the Background Section, prior 
methods for the immobilization of bioactive species to 
support members comprised of hydrocarbon polymer or 
fluorocarbon polymer based materials are problematic. 
The present invention resolves the above-described 
problems with a construction that eliminates chemical 
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modifications of the support member, as well as. the ne- 
cessity to take preventative measures to reduce the de- 
sorption of immobilized bioactive species from the sup- 
port member and the necessity to modify the bioactive 
species with surfactants prior to immobilization. The 
present invention provides a support member with hy- 
drophilic surfaces to which bioactive species are readily 
immobilized. The hydrophiBc surfaces of the construe- 
tion are chemically stable. The number and type or 
chemically functional groups of the hydrophHfc surfaces 
can be varied. The ability to vary the chemfcaly func- 
tional groups of the hydrophiBc surfaces permits a prac- 
titioner to increase the number and/or variety of chemi- 
cally functional groups to which bioactive species can 
be immobilized. The present invention also permits a 
practitioner to select a conjugation scheme for immobi- 
lization of bioactive species that best preserves the bh 
oactivity and stability of the immobilized bioactive spe- 
cies. 

[00231 In the present invention, adsorption of a poly- 
meric surfactant onto a support member, followed by 
cross-Unking chains of the surfactant polymers together 
in situ provides a physically and chemically stable sub- 
strate, or first layer, to which a hydrophiBc polymer is 
subsequently attached forming a second layer thereon. 
Preferably, the hydrophiBc polymer of the second layer 
is covatentry attached to the cross-linked polymeric sur- 
factant of the first layer. The hydrophHic polymer of the 
attached second layer has chemically functional groups 
through which bioactive species are immobilized. The 
hydrophiBc polymer of the second layer b selected to 
provide one or more specific type of chemically function- 
al group for immobilization of bioactive species. Once a 
bioactive species is attached to the second layer, the 
result is a support member having hydrophHic surfaces 
that are physically stable and chemically variable to 
which bioactive species are stably immobilized (See 

[0024] 1> lf desired, a plurality of layers of hydrophiic 
polymers may be attached to the first layer and bioactive 
species attached to at least one of the layers (See Fig- 
ure 2). In addition to serving as a substrate for immobi- 
lization of a bioactive species, additional layers of hy- 
drophilic polymers can serve to enhance the hydrophiic 
properties of the construction and/or as a permeable 
protective covering for the bioactive species. 
[0d25] Alternatively, bioactive species can be immo- 
bilized directly to chemically functional groups of the first 
layer, as illustrated in Figure 3, or to excess chemically 
functional groups of the cross-finking agent attached to 
the first layer, as illustrated in Figure 4. 
[0026J Referring to Figure 1 . one embodiment of the 
present invention (10) is directed to a material having 
immobilized bioactive species comprising a support 
member (1 2); a first layer (14) comprised of at least one 
species of a polymeric surfactant attached to the sup- 
port member and cross-linked together in sHw t a second 
layer (18) comprised of at least one species of a hy- 



drophific polymer attached to the first layer, and at least 
onetypeofbioactrvespec^ (19) attached to the sec- 
ond layer. 

[00271 While the present invention has wide appflca- 
s tions, it is particularly suitable for tmmobiRzation of insu- 
lin secreting pancreatic islet cells or genetically engi- 
neered insulin secreting eels. Immobilization of such 
ceHs may be useful for facilitating transplantation and/ 
or implantation of the cells into a recipient as a means 
id for treating or ameliorating various diseases, such as 
neurMwtecrine diseases, including diabetes rne*tus. 
neurological diseases, including Parkinson's Disease, 
metabolic deficiency diseases, including Hurler's Dis- 
ease, for example. The present invention is also suitable 
15 for the immobilization of renal epitheBaJ or interstitial 
ceUs for use in renal failure therapy. Of particular interest 
in this regard is the use the present invention in the form 
of a membrane barrier for the encapsulation of immobi- 
lized therapeutic ceUs. Another use of the present tnven- 
X tion is for the immobilization of hepatocytes for construc- 
tion of extracorporeal liver assist devices. Yet another 
use is the immobilization of bioactive species, such as 
autologous vascular endothelial ceHs. onto a synthetic 
vascular graft or onto a polymer coated metalfic stent 
25 for improvement of vascular patency. Further uses in- 
clude the immobiization of anti-coagulant factors, such 
as heparin, heparan sulfate, tPA, protein S, various 
lysine compounds, urokinase, protein C, etc. onto a syn- 
thetic vascular graft or onto a polymer coated metaHc 
30 stent for improvement of vascular patency; immobiliza- 
tion of pro-coagulant factors, such as tissue factor, von 
Willebrand factor, factor XIII. kininogen. thrombin, etc; 
the immobilization of adhesion-dependent or adhesion- 
independent cell lines comprising genetically engi- 
35 neered cells for use in genetic therapy; the immobiliza- 
tion of adhesion-dependent or adhesiorwndependent 
cell fines for use in transplantation therapy, the immobi- 
lization of pro-adhes'rve Kgands, such as the tripeptide 
Arg-Gly-Asp, collagens, and fibronectin. for example, in 
40 order to promote adhesion of cellular bioactive species, 
the immobilization of anti-adhesive figands. such as 
oextran. albumin, and polyethylene glycol, for example, 
in order to reduce non-specific cellular adhesion to sup- 
port members; and the immobilization of bacteria or 
45 yeast cells for use in bioremediation and bfotechnofogy. 
[00281 In other applications, enzymes, catalytic anti- 
bodies, or phase transfer catalysts may be employed in 
the present invention to perform biocataJytic reactions, 
such as biosensing and enzyme affinity chromatogra- 
» phy. In addition, proteins, peptides, carbohydrates, an- 
tibodies, lectins, or lipids may be utilized in the present 
invention to prepare ligand affinity or irnmunornatrix 
chromatography columns for detection or separation of 
products from a liquid stream. Another use of the 
55 present invention is as a soBd substrate upon which the 
synthesis of peptides or drugs can be conducted. In 
many of these uses, the present invention comprises a 
permeable, or semi-permeable, membrane barrier that 
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provides a continuous solvent phase across the barrier, 
such as for transport of gases, nutrients, or reaction 
products. 

[0029] The present invention is also directed to meth- 
ods for rendering the surfaces of a hydrophobic support 
member more hydrophtBc by elevating the surface en- 
ergy of these materials to support wetting and spreading 
of high surface tension fluids thereon. The present in- 
vention is also directed to methods for stably immobiliz- 
ing bioactive species to the hydrophific surfaces formed 
on the support member. 

Brief Description of the Drawings 

(0030] Figure 1 illustrates a cross-section of the 
present invention (10) having a first layer (14) attached 
to a support member (12) wherein the letter V indicates 
that the constituents of the first layer are cross-linked 
together and the symbol "n" (16) indicates excess chem- 
ically functional groups of the cross-linking agent to 
which a second layer (18) is attached. The letter "B" (19) 
in Figure 1 represents a bioactive species. 
[0031] Figure 2 illustrates a cross-section of the 
present invention (20) having an additional layer (26) of 
hydrophiiic polymers attached to a second layer (24) 
with bioactive species (28) immobilized to the additional 
layer (26). The letter V indicates that the constituents 
of the first layer (22) are cross-finked together and the 
symbol m ? m (23) indicates excess chemically functional 
groups of the cross-linking agent to which a second lay- 
er (24) is attached. The additional layer of hydrophiiic 
polymers is represented as being attached to the sec- 
ond layer by a plurality of vertical lines. The letter "B" 
(28) in Figure 2 represents a bioactive species. 
[0032] Figure 3 illustrates a cross-section of the 
present invention (30) having a first layer (34) attached 
to a support member (32) wherein bioactive species are 
immobilized directly to chemically functional groups of 
the first layer. The letter "x" indicates that the constitu- 
ents of the first layer are cross-linked together. The letter 
"B N in Figure 3 represents a bioactive species (36). 
[0033] Figure 4 Hkistrate a cross-section of the 
present invention (40) having a first layer (44) attached 
to a support member (42) wherein bioactive species (48) 
are immobilized to the first layer through excess chem- 
ically functional groups of the cross-linking agent The 
letter "x" indicates that the constituents of the first layer 
are cross-linked together. The symbol "□" (46) repre- 
sents excess chemically functional groups of the cross- 
linking agent The letter *B" (48) in Figure 4 represents 
a bioactive species (48). 

[0034] Figure 5 is a scanning electron micrograph of 
the microstructure of a porous poJytetrafluoroethlyene 
support member having a bioactive species immobilized 
thereon. 

[0035] Figure 6 illustrates a cross-section of the 
present invention (60) having a first layer (64) attached 
to a support member (62) wherein the constituents of 
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the first layer are cross-linked together and excess 
chemically functional groups of the cross-linking agent 
are present The letter V indicates that the constituents 
of the first layer are cross-linked together. The symbol 
"n* (66) represents excess chemically functional groups 
of the cross-linking agent 

[0036] Figure 7 illustrates a cross-section of the 
present invention (70) wherein a first layer (74) is at- 
tached to a support member (72) such that the number 
of chemically functional groups available for immobiliz- 
ing bioactive species (71) from the first layer is in- 
creased by the addition of a second layer (78). The letter 
"x* indicates that the constituents of the first layer are 
cross-linked together. The symbol "n" (76) represents 
excess chemically functional groups of the cross-linking 
agent The symbol *-A* in the region depicting the first 
layer indicates chemically functional groups of the con- 
stituents of the first layer that have been consumed dur- 
ing the formation of the first layer and are no longer avail- 
able for immobilization of bioactive species. The letter 
"A* on the second layer represents unreacted chemical- 
ly functional groups of the constituents of the second 
layer that are available for immobilization of bioactive 
species or attachment of additional layers of hydrophiiic 
materials thereto. The letter "B" (71) in Figure 7 repre- 
sents a bioactive species. 

[0037] Figure 8 illustrates a cross-section of the 
present invention (80) having a first layer (84) attached 
to a support member (82) and a second layer (86) at- 
tached to the first layer wherein a variety of chemicaBy 
functional groups is provided by the second layer. The 
chemicaBy functional groups of the first layer are repre- 
sented by the letter "A." Chemically functional groups of 
the second layer may be the same as the chemically 
functional groups of the first layer or the groups may be 
different The chemically functional groups of the sec- 
ond layer are represented by the letter "2." The letter 
"B" in Figure 8 represents a bioactive species. 
[0038] Figure 9 illustrates a cell encapsulation device 
using a membrane constructed according to the present 
invention. 

[0039] Figure 10 is a photograph of an embodiment 
of the present invention wherein a bioactive species is 
immobilized in a pattern on porous pofytetrafluoroethyt- 
ene. 

[0040] Figure 11 illustrates a cross-section of the 
present invention (110) having a first layer (114) at- 
tached to a support member (112) and a second layer 
(116) attached to the first layer wherein a spacer com- 
pound ( 1 1 8) is interposed between the second layer and 
a bioactive species. The letter V indicates that the con- 
stituents of the first layer are cross-linked together. The 
symbol ( 1 1 5) represents excess chemically function- 
al groups of the cross-linking agent The letter "BT (119) 
in Figure 11 represents a bioactive species. 
[0041] Figure 12 illustrates an embodiment of the 
present invention in the form of a vascular graft. 
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Oetailed Description of th e invention 

[00421 The present invention is directed to polymeric 
materials, referred to herein as support members, hav- 
ing a substrate attached thereto comprised of layers of 
chemically stable and chemically variable hydrophrtac 
polymers to which bioactive species are stably immobt- 
feed Optionally, metallic or ceramic materials can be 
used in the present invention as support members 
[0043] For porous support members, the present in- • 
vention also permits bioactive species to be readily im- 
mobilized on the surfaces defining the porous regions 
of the support member without significanUy reducing the 
porosity of the support member (See Figure 5. for ex- 
ample). The result is a support member having surfaces 
rendered nydrophilic and wettable with high surface ten- 
sion fluids throughout its bulk to which at least one type 
of bioactive species is immobilized. 
[00441 In the preferred embodiment of the present In- 
vention, the construction is assembled from the follow- » 
ing components: a support member comprised of a pol- 
ymeric material; a first layer comprised of at least one 
species of a polymeric surfactant, or a multifunctional 
copolymer, comprised of at least one domain that has a 
physicochemical affinity for the support member to allow * 
physicochemfcal adsorption of me polymer onto the sur- 
face of the support member and at least one other do- 
main that is chemically reactive to allow covalent cross- 
linking with a suitable cross-Unking agent; a suitable 
cross-linking agent; a second layer comprised of oneor 
more nydrophilic surfactants, homopdyrners, or copol- 
ymers that contain chemically functional groups capable 
of reacting with unconsumed free cross-linking groups 
from the first layer and have additional groups to provide 
increased hydrophilicity to the construction and for sub- 
sequent attachment of bioactive species thereto; and a 
bioactive species attached to the chemically functional 
groups of the second layer. 

[0045] Suitable materials for a hydrophobic polymeric 
support member include, but are not limited to, poly- " 
tetrafluoroethylene. expanded pdytetrafluoroethylene. 
porous polytetrafluoroethylene. fluorinated ethylene 
propylene, hexafluroropropylene, polyethylene, poly- 
propylene, nylon, polyethyleneterephthalate, poly- 
urethane, siicone rubber, polystyrene, porysulfone, pol- « 
yester, polyhydroxyacids. polycarbonate, polyimide, 
polyamide. polyamino acids, regenerated cellulose, or 
proteins, such as silk. wool, and leather. Expanded, or 
rjorous. polytetratluc^ 

preferred. Methods of making porous polytetrafluor- 
oethylene materials are described in U.S. Patent 
3,953.566 and 4.187.390. both issued to Gore, each of 
which is incorporated herein by reference. 
[0046J Though the present invention Is pnmarily di- 
rected to constructions made with support members that 55 
are hydrophobic, some non-hydrophobic materials may 
also be suitable for use in the present invention. Suitable 
materials for hydrophilic support members include, but 



are not limited to. celluloses, agarose, alginate, polyhy- 
droxyethytmethacryiate, polyvinyl pyrrofidone. polyvinyl 
alcohol, potyaltyamine. polyaByiateohol. polyacryla- 
mioe. and poly acrylic acid, for example. Lastly, certain 
metals and ceramics may be suitable materials for use 
as support rnembers in the present invention. Suitable 
metals for support members include, but are not limited 
to, titanium, stainless steel, gold, silver, rhodium, zinc, 
platinum, rubidium, and copper, for example. Suitable 
materials for ceramic support members induce, but are 
not limited to. siicone oxides, aluminum oxides, alumi- 
na silica, hydroxyapapitites, glasses, calcium oxides. 
potysOanois. and phosphorous oxide, fbrexarnple. 
[00471 To construct the present invention, a first layer 
is formed on a support member by adsorbifig a rxrtyrr«r- 
io surfactant to the surfaces of the support member fol- 
lowed by cross-linking the surfactant to itself in situ. For 
a porous support member, the first layer is cotionalry ad- 
sorbed to material defining the porous void spaces of 
the support member as well. For example, a sohrtxm 
comprised of a r*lymeric surfactant dissolved in a suit- 
able solvent at a concentration of aboutO.001% to about 
99.9%, preferably about 0.25% to about 5%, is initiaBy 
adsorbed onto the surfaces and opttonaly into the po- 
rous spaces of a porous support member simply by dip- 
ping the support member in the solution tor about 0.05 
minutes to about 20 minutes, to permit prrysisorption of 
the surfactant to the surfaces of the support member. 
Suitable materials for the first layer include, but are not 
limited to, polyvinyl alcohol, polyethylene glycol, poly- 
propylene glycol, dextran. agarose, alginate, rjotyacry- 
lamide, polyglycktol. poly(vmyl ^^f^l' 
poly<emyteneglycoM^ poWvtnyl ac- 

etate-co-vinyl alcohol), rxJWtetrafluoroetliylene^w 
nyl alcohol), pory(acrytonitn^e-co-acrytamide), poly 
(acrylOTitrae-co-acryfic ackl-co-acrytomidtne). poty- 
acry&c acid, pory-rysine. poryethyteneimine. polyvinyl 
pyrrofidone. hydroxy emytmethacrylate. and 
porysulfone. and their copolymers, either alone or in 
combination. Preferred copolymers for formation ofthe 
first layer are copolymers comprised of at least one mr> 
ety capable of rjhysicocnemically adsorbing to the sup- 
port member, a moiety capable of chemical modifcabon 
with a suitable agent, and a moiety capable of interact- 
ing with high surface tension fluids. These im«eties may 
be selected such that one moiety fulfills at of these three 
roles simultaneously, fulfite two roles, or fulfills only one 
role. Suitable solvents for this purpose include, but are 
not limited to. methanol, emanol. feopropanoi. tetrahy- 
drofuran, triftuoroacetic acid, acetone, water, dimethyl 
formamide (OMF), dimethyl sulfoxide (DMSOJjace- 
tonitrite. benzene, hexane. chloroform, and supercritical 
carbon dioxide. . 

[0048] When using a hydrophobic support member 
and the polymer chosen for the first layer dissolves in 
only high surface tension solvents, the hydrophobic sup- 
port member should be prewetted with a misdbte sol- 
vent having a tow surface tension to effect adsorption of 
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the polymer for the first layer. For porous support mem- 
bers, excess adsorbed surfactant may be rinsed from 
the surface of the support member using fresh solvent 
to prevent bulk deposited surfactant from partially block- 
ing pores of the support member. Though optional, this 
step is preferred in order to ensure that the pores of a 
porous support material, such as ePTFE, are not ob- 
structed with surfactant 

[0049] The polymeric surfactant of the first layer is 
covaientry cross-linked to itself in situ using a suitable 
cross-linking agent to produce surface-bound planar 
molecules of extremely high molecular weight These 
very high molecular weight molecules serve to greatly 
reduce or eliminate the potential for desorption or mi- 
gration of the surfactant Suitable reagents for use in 
cross-linking the polymeric surfactant in situ are com- 
pounds comprised of at least two chemically functional 
groups, either homofunctiona! or heterofunctional, that 
include, but are not limited to, aldehydes, epoxides, acyl 
hafides, alkyl haWes, isocyanates, amines, anhydrides, 
acids, alcohols, haloacetals, aryt carbonates, thiols, es- 
ters, imides, vinyls, azktes, nitros, peroxides, sulfones, 
and maieimtdes, dissolved in solvents that wet the ad- 
sorbed layer. Solvents suitable for dissolving the cross- 
linking reagent include, but are not fimited to. acetone, 
water, alcohols, tetrahydrofuran (THF), dimethyl sulfox- 
ide (OMSO). dimethyl formamide (DMF), benzene, ac- 
etonitrile, and dioxane. Other reagents include, but are 
not limited to, free radicals, anions, cations, plasma ir- 
radiation, electron irradiation, and photon irradiation. 
One preferred cross-linking agent is glutaraldehyde, 
preferably using a catalyst of HCI, preferably dissolved 
in water. 

[0050] Regardless of which cross-linking agent is 
used, the cross-linking agent is preferably added in ex- 
cess, i.e, in such an amount that sufficient unreacted 
chemically functional groups of the cross-Jinking rea- 
gent will be present to serve as points of attachment for 
the second layer following the cross-finking step (See 
Figure 6). Thus, the cross-linking scheme fulfills two 
roles. In one role, cross-linking forms surface-bound 
planar molecules of extremely high molecular weight. In 
another role, cross-linking provides chemically function- 
al groups to which the second layer is subsequently at- 
tached. Bioactive Species are then attached to unreact- 
ed^ chemically functional groups of the cross-linking 
agent (See Figure 4), 

[0051] In an alternative embodiment, the polymeric 
surfactant of the first layer can be attached to the sup- 
port member with methods that do not use a chemical 
cross-linking agent For example, polymeric surfactants 
containing numerous nitrite groups can spontaneously 
self assemble into a stable conformal coating when ad- 
sorbed onto the support member. The stability of the 
coating is derived from the physical cross-linking of 
neighboring polymer chains via cyano polar interac- 
tions. In another example, the polymeric surfactant may 
be physically cross-linked using a suitable agent via ac- 
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id-base coacervation, e.g., a first layer formed of a cat- 
ionic polymeric surfactant can be physically cross-linked 
by the application of an anionic agent In addition, an 
amphoteric polymeric surfactant may spontaneously 
self assemble into a conformal coating via internal acid- 
base coacervation. In yet another example, the Minne- 
sota Mining and Manufacturing Company, in PCT/ 
US91/07686, teach the application of a hydrophilic pol- 
yvinyl alcohol layer that is non-covalently cross-linked 
via inter-and intrachain polymer crystallization. 
[0052] The degree of cross-Unking of the first layer 
may be assessed by Fourier Transform Infrared Spec- 
troscopy (FT1R). For example, with FTIR, the free hy- 
droxy! groups of polyvinyl alcohol (PVA) are detectable 
cross-linking at approximately 3349 cnr 1 . After 
cross-linking, the peak shifts to approximately 3383 
cm' 1 and decreases in height As a positive internal con- 
trol, an FTIR peak at approximately 2942 cnr 1 due to 
the CH 2 groups does not change position or height as 
a result of cross-linking. A shift in the hydroxy! group 
(OH) peak position from approximately 3349 cnr 1 to ap- 
proximately 3383 cnr 1 with a decrease in peak height 
is an indication of the amount of PVA that has become 
cross-linking in the formation of the first layer. 
[0053] The extent to which free, or excess, aldehyde 
groups of a cross-linking agent, such as glutaraldehyde, 
are present in the first layer following the cross-linking 
step can also be detected using FTIR. For example, 
when an article of the present invention having a first 
layer of PVA extensively cross-linked with glutaralde- 
hyde is steam sterilized, the article usually has FTIR 
peaks at about 1590 cnr 1 and about 1690 cm* 1 . These 
peaks are believed to represent excess aldehyde 
groups of the first layer and its partial hydrolysis prod- 
ucts by the exposure to steam. A similar article having 
a first layer that is briefly exposed to a glutaraldehyde 
cross-finking agent does not usually have an FTIR peak 
at 1590 cnr 1 . Accordingly, the degree to which a first 
layer contains excess chemically functional groups can 
be assessed by comparing the ratio of an FTIR peak at 
about 1690 cnr 1 to an FTIR peak at about 1590 cnr 1 . 
[0054] FTIR can also be used to detect the presence 
of a second layer attached to a first layer cross-linked 
with glutaraldehyde. For example, an article of the 
present invention having a second layer of PVA at- 
tached to a first layer of PVA win have strong FTIR peaks 
at about 2950 cnr 1 and at about 3350 cm- 1 . These 
peaks represent signal from the hydrocarbon backbone 
and the free hydroxy! groups of the PVA, respectively, 
from both the first and second layers. The absence of 
an FTIR peak at about 1590 cnr 1 and about 1690 cnr 1 
indicates that substantially all of the aldehyde groups of 
the glutaraldehyde cross-linking agent were consumed 
during attachment of the second layer to the excess al- 
dehyde groups of the first layer. 
[0055] In addition, a first or second layer of poly 
(lysine) on a support member may be detected by X-ray 
photoelectron spectroscopy (XPS). For example, the 
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addition of amino groups <Nry onto the surface can be 
detected by the measurement of nitrogen. Nitrogen * 
usually not present in either hydrocarbon or fluorocar- 
bon support members of the present invention. Similar- 
ly the immobilization of cell adhesion peptides, such as 
the Arg-Gly-Asp amino acid sequence, onto a first or 
second layer of PVA, for example, can be detected by 
XPS 

[0056] In the case of a three-dimensional device, such 
as a foam or sponge, the presence of a hydrophitic layer 
attached directly to a support member, or forming a first 
or second layer, is preferably detected by elemental 
analysis. 

[00571 The composition of the second layer is chosen 
both for the ability of the second layer to cooperate with 
the first layer to promote wetting of the hydrophobic sup- 
port member with high surface tension fluids and for its 
ability to provide a number and variety of chemically 
functional groups not usually present on the first layer 
to which bioactive species can be immobilized. 
[0056] When forming the second layer, various hy- 
drophiSc polymers may be selected for use in making 
the layer. Different hydrophiUc polymers provide a vari- 
ety of chemically functional groups to select from when 
attaching bioactive species to the second layer (See 
Figure 7). As a result, the second layer dictates the type 
of chemically functional groups to which bioactive spe- 
cies are immobilized. In addition, attachment of a sec- 
ond layer onto the unconsurned moieties of the cross- 
linking agent amplifies the number of chemically func- 
tional groups available for the ^mobilization of bioac- 
tive species to numbers much greater than possible us- 
ing only the first layer of material on the support member. 
This is a key feature of the present invention because 
the abOtty to select the type and the number of chemi- 
cally functional groups used to immobilize bioactive spe- 
cies provided by the second layer is not readily obtained 
with the first layer alone. r , . 

[0059] A second layer is formed on the first layer oy 
attaching a hydrophific polymer to the cross-linked pol- 
ymeric surfactant of the first layer through the unreacted 
chemically functional groups of the cross-linking rea- 
gent (See Figure 1). Preferably, the hydrophific poly- 
mers are covalentry attached to the polymeric sur- 
factants. In one method, the second layer is attached to 
the first layer by immersing a support member having 
an adsorbed and cross-finked first layer in a sohition of 
a hydrophiUc polymer of the second layer at a concen- 
tration of about 0.001% to about 99.9%. preferably 
about 0.1% to about 50%. more preferably about 1 .0% 
to about 25%. and most preferably about 0.25% to about 
5%. The solution of hydrophUic polymer inckides an ap- 
propriate catalyst, such as organic acids or bases, min- 
eral acids or bases. Lewis acids or bases, organome- 
tallic catalysts, organic and/or inorganic salts, heat, 
pressure, electron irradiation, photon irradiation, plas- 
ma irradiation, corona discharge, or pH. to effect attach- 
ment to the chemically functional groups of the first lay- 



er. 

[0060) Suitable hydrophilic polymers for use in form- 
ing the second layer include, but are not limited to. pol- 
yvinyl alcohol, polylysine, Qo^acryk)nm9^>-m^ 
5 acid-acrylamidine). poryacrytic acid, pdyhydroxyethyl- 
methacrylate. poryvinyipyrrotidone, polyethylene glycol, 
alginate, sepharose. mercaptosilane, aminosllane, hy- 
droxylsHane, agarose, polyethyteneimine, poJyal- 
tytamine, polyaminoemylmethacrylate, pdywrtithine. 
to polyamtnoacrylamide, polyacrylamide. pofyacroWn, 
potyacrytoxysucctnimlde, polysulfone. poM^crytoni- 
tnie-co-acrytamide). or their copolymers, either atone or 
in combination. Polyvinyl alcohol is preferred. Suitable 
solvents for dissolving the hydrophific polymers inckide. 
ts but are not limited to, water, alcohols, dioxane, dimeth- 
ylformamkte, tetrahydrofuran, and acetonitrile, etc 
[0061] Once a second layer is formed on the first lay- 
er bioactive species are then immobilized onto the sec- 
ond layer using mild bioconjugation techniques known 
» to those skilled in the art {See K. Mosbach. Immobilized 
Enzymes and Cells, Part B. Academic Press (Orlando. 
FL) (1987); G.T. Hermanson, AX Madia, P.K. Smith, 
"immobilized Affinity Ligand Techniques,- Acadenric 
Press, San Diego. (1992); S.F. Karef. S.B. Lib**!. C.R. 
25 Robertson. Hlte Immobilization of Whole Cete: engi- 
neering Principles.- Chemical Eng. ScU, 4*1321 
( 1 985); and M. BrinWey, "A Brief Survey Of Methods For 
Preparing Protein Conjugates With Dyes. Haptens, and 
Cross-finking Reagents.- Rinconjuoate Chem.. 3:2 
» (1992). for example). Mild bioconjugation schemes are 
preferred for immoWizatton of bioactive species in order 
to eliminate or minimize damage to the structure of the 
support member, me polymeric surfactant of trie first lay- 
er, the hydrophilic polymer of the second layer, and the 
35 bioactive species. 

[0062] Referring to Figure 8. the chemicaWy functional 
groups of the first layer include, but are not limited to. 
hydroxy! groups, carboxyl groups, acid arihyande 
groups, acyt halide groups, alkyi halide groups, awe- 
40 hyde groups, alkene groups, amide groups, amine 
groups, guanidme groups, mafimide groups, thiol 
groups, sulfonate groups, sutfonyl hafidegroups. suifo- 
nyl ester groups, carbod-mide groups, ester 9J°Wy- 
ano groups, epoxide groups, proline groups, disulfide 
45 groups, imidazole groups, imide groups, tfnine groups, 
ispcyanate groups, isothtocyanate groups, nitro groups, 
and azkte groups. The chemically functional groups of 
the first layer are depicted in Figure 8 as the letter "f." 
The chemically functional groups of the secor* layer al- 
so dude, but are not limited to. any of the groups bsted for 
the first layer and/or hydroxy! groups, carboxyl groups, 
acid anhydride groups, acyt hafide groups, a*yl halide 
groups, aldehyde groups, alkene groups, amide groups, 
amine groups. guankJine groups, malimide groups, thiol 
55 groups, sulfonate groups, sulfonyl halide groups, sutfo- 
nyl ester groups, carbodfimide groups, ester groups^f- 
ano groups, epoxide groups, proline groups, disulfide 
groups, imidazole groups, imide groups, imine groups. 
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isocyanate groups, isothiocyanate groups, nitro groups, 
and azide groups. The chemically functional groups of 
the second layer are represented in Figure 8 by the letter 
•Z." " 
[0063] In addition to providing variability in the number 
and identity of chemically functional groups that can be 
used to immobilize bioactive species, variability in the 
number and identity of the functional groups of the sec- 
ond layer can be used to increase the wettability of the: 
support member with high surface tension fluids. In one 
embodiment, a porous hydrophobic support member is 
modified only at its surface by a thin first and second 
layer, leaving the material defining the porous void spac- 
es of the support member unmodified and hydrophobic. 
In another embodiment, the first and second layers can 
also be formed on the material defining the interior po- 
rous void spaces of the porous support member and bi- 
oactive species immobilized thereon. In this embodi- 
ment, a continuous water phase through the pores of 
the support member can be readily established and 
maintained, resulting in good transport of reaction prod- 
ucts or nutrients, for example, across the porous support 
member. Thin coatings are particularly preferred for po- 
rous support members because thin coatings do not ap- 
preciably decrease the porosity of the support member. 
For unmodified porous PTFE having a nominal thick- 
ness of about 40 microns, a nominal pore size of about 
0.2 microns, and a nominal porosity of about 70%, the 
material's permeability to air in Gurley seconds is be- 
tween about 22 seconds to about 24 seconds. A porous 
PTFE material modified according to the present inven- 
tion has a permeabittty to air of about 24 Gurley seconds 
to about 26 Gurley seconds. 

[0064] In some circumstances, the interaction of a so- 
lution-phase reactant with an immobilized bioactive spe- 
cies may be suboptimaL For example, steric hindrances 
between the first or second layer and the immobffized 
bioactive species may limit the approach of the solution 
phase reactant to the bioactive species. In addition, 
physical bulk, electrostatic repulsion, or inappropriate <o 
positioning of the bioactive species may also contribute 
to reduced efficiency of the immobilized bioactive spe- 
cies. Accordingly, it may be desirable to place one or 
more additional compounds as a "spacer" or "tether 4 be- 
tween the chemically functional groups of the first or <5 
second layer and the bioactive species to increase the 
space between the layer and the bioactive species. Suit- 
able compounds for use as a spacer include, but are not 
limited to, succinic acid, diaminohexane, glyoxylic acid, 
short chain polyethylene glycol, and glycine, for exam- so 
pie. It is understood that the second layer may itself 
serve as a spacer arm without necessitating the use of 
a separate spacer compound. 
[0065] The covalent immobilization of biospecies onto 
support members according to the present invention is 55 
generally non-reversible, i.e., the biospecies is not read- 
ily released from the first or second layer of the support 
member. Spacers, or tethers, capable of selectively re- 



leasing an immobilized biospecies have utility in recep- 
tor/ligand interactions, molecular identification and 
characterization of antibody/antigen complexes, and 
selective purification of cell subpopulations, etc. In ad- 
5 drtiori, a selectively deavabte spacer affords predictable 
and controlled release of biospecies from the support 
member as opposed to the unstable physisorption of 
biospecies discussed in the Background section above. 
[0066] Selective release of the biospecies is per- 
io formed by cleaving the spacer compound under appro- 
priate reaction conditions including, but not limited to, 
photon irradiation, enzymatic degradation, oxidation/re- 
duction, or hydrolysis, for example. The selective cleav- 
age and release of immobilized biospecies may be ac- 
15 compfished using techniques known to those skilled in 
the art (see for example, H.R. Horton & H.E. Swaisgood, 
"Covalent immobilization of proteins by techniques 
which permit subsequent release," Meth. Enzvmoloov . 
135: 130 (1987); S.S.Wong, Chemistry of Protein Con- 
20 j ligation and Cross-Unking, CRC Press (1991); and U. 
S. Patent No. 4,745 ,1 60, issued to Churchill etaJ., which 
is incorporated herein by reference). Suitable com- 
pounds for use as cteavabte tethers, or cleavabie spac- 
ers, include, but are not limited to, poryhydroxy acids, 
pofyanhydrides, poryarrano acids, tartarates, and 
cysteine-ftrtfcers such as Lomanf s Reagent, for exam- 
ple. 

[0067] The present invention is not limited to the 
above-described embodiments having a first layer and 
a second layer. In other embodiments, additional layers 
of hydrophHic polymers may be attached to existing lay- 
ers on the support member to form constructions with 
multiple layers of hydrophific material attached thereto. 
[0066] Without intending to Omit the scope of the 
present invention, the following examples Illustrate how 
the present invention can be made and used. 

Examples 

Example 1 

[0069] This example illustrates a method for forming 
a first layer comprised of polymeric surfactants on an 
expanded polytetrafluoroethytene support member by 
adsorption and cross-linking of the polymeric surfactant 
on the exterior surfaces of an expanded polytetrafluor- 
oethytene film, as weO as, the surfaces delineating the 
porous regions of the film. The method is as follows. 
[0070] An ePTFE support member in the form of a film 
(W.L Gore & Associates, Inc.), having a thickness of 
about 50 urn and a porosity as measured in Gurley sec- 
onds of about 22 to 24. was immersed in a 1.5% solution 
of a random copolymer of tetrafluoroethylene and vinyl 
alcohol (hereinafter HPL-1 , Japan Gore, Inc.) in metha- 
nol (w/v) for about 5 minutes. This film construction was 
then immersed in methanol for about 5 minutes to rinse 
unadsorbed bulk copolymer from the ePTFE surface. 
The ePTFE support member with the HPL-1 layer was 
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then washed free of methanol by immersing in distilled 
water for about S minutes. 

i0071] The adsorbed layer of HPL-1 was cross-linked 
in situ on the ePTFE support member by dipping the film 
construction in an aqueous solution of about 5% glutar- 
aldehyde, with about 1% HCI as catalyst, for about 5 
minutes, at about 70°C to cross-link the vinyl alcohol 
groups of the adsorbed HPL-1 copolymer chains via 
acetalization. This film construction was rinsed in water 
to remove excess ghjtaraldehyde and HCJ. The resulting 
film construction was an ePTFE support member having 
a first layer formed thereon. 

Example 2 

[0072] This example illustrates the stability of the first 
layer of the mm construction described in Example 1. 
The stability of a particular layer is expressed in terms 
of the hydrophilicity of the surface of the film construc- 
tion As mentioned above, a hydrophilic surface is a sur- 
face that is readily wetted with high surface tension flu- 
ids. To compare the hydrophilicity of one surface with 
another surface, a drop of water is placed on the test 
surface and its behavior observed. If the water drop 
spread on the surface of the material to wet and fin the 
pores of the material with water and render the material 
transparent, the surface of the material was considered 
to be hydrophyte. If the water drop did not spread on the 
surface of the material or wet the pores to f» them sub- 
stantially completely with water, but rounded up on the 
surface of the material, rendering the material translu- 
cent or opaque, the surface of the material was consid- 
ered to be hydrophobic. 

[007*] To test the stability of the first layer of the film 
construction, two film constructions were used. A first 
film construction was made as described in Example 1 . 
A second film construction was made similarly to the film 
construction of Example 1 . but without the cross-Unking 
step. Both constructions were immersed in various re- 
fluxing solvents, such as water, dimethyl formamfcfe 
(DMF), dimethyl sulfoxide (DMSO). and acetone, for 
about 24 hours. The film constructions were then re- 
moved from the solvent, rinsed in fresh solvent, and air 
dried. The hydrophflicity of the particular surface was 
then tested by applying one or more drops of deionteed 
water to the surface. The second film construction 
showed a significant decrease in the hydrophilicity of the 
surfaces of the construction. The reduced hydrophilicity 
was believed to be due primarily to desorptwn of the co- 
polymer from the surface of the constructions and to co- 
polymer chain migration on the surface of the construc- 
tions. The film construction of Example 1. Le.. with 
cross-linking, remained hydrophilic under the same con- 
ditions. 

[0074] In another stability test, first and second film 
constructions were steam autoclaved ten times at about 
120°C for about 15 minutes each, air dried, and then 
dipped in deionized water. When the second film con- 



struction was dipped in deionized water, the construc- 
tion was considered hydrophobic. In contrast, the first 
film construction became spontaneously wetted to com- 
pletion with the deionized water and so was considered 

5 hydrophilic. These results are believed to indicate sur- 
face instability and clustering on the surface the second 
film construction, leading to a reduction of wetting po- 
tential. On the other hand, the first film construction, in 
which the first layer was cross-linked, showed surfactant 

10 stability. 

Example 3 

[0075] This example illustrates use of another reagent 
is for cross-linking the potymeric surfactant of Example 1 . 
The method is as follows. 

[0076] Following adsorption of the surfactant to the 
surfaces of the ePTFE support member in Example 1. 
the film construction was dipped in an aqueous soMfon 

20 of about 2% polyethylene glycol dialoehyde (3400 g/ 
mot. Shearwater Polymers), with about 0.1 % HO as 
catalyst, for about 30 minutes, at about 7S°C, to cross- 
link the vinyl alcohol groups of the adsorbed HPL-1 co- 
polymer chains via acetalfeation. This film construction 

25 was rinsed in water to remove excess polyethylene gly- 
col dialoehyde and HCI. The resulting film construction 
was an ePTFE support member having a first layer 
formed thereon. 

x> Example 4 

[0077] This example illustrates use of another reagent 
for cross-linking the polymeric surfactant of Example 1 . 
The method is adapted from U.S. Patent No. 5,354,587, 

35 issued to Abaysekara, and is performed as foltows. 
[0078] Following adsorption of the surfactant to the 
surfaces of the ePTFE support member in Example 1. 
the film construction was dipped in a methanoSc solution 
of about 0.25% potassium hydroxide (KOH) for about 

40 30 seconds followed by air ©Vying. Tte fttm amstruction 
was then dipped in an acetone solution of about 10% 
polyethylene glycol d'iglycidyt ether (400 g/rnol. Poly- 
sciences) for about 5 minutes. The film construction was 
cured in vacuo at about 75*C for about 3 hours to cross- 

45 link the vinyl alcohol groups of the adsorbed HPL-1 co- 
polymer chains via epoxide alcohorysis. The fBm con- 
struction was rinsed in distilled water to remove excess 
polyethylene glycol digrycidyi ether and KOH.The-re- 
sulting film construction was an ePTFE support member 

so having a first layer formed thereon. 

Example 5 

[0079] This example illustrates the stability of the first 
55 • layer of the film construction described in Example 4. 
The stability of a particular layer is expressed in terms 
of the hydrophilicity of the surface of the film construe- 
tion. As mentioned above, a hydrophilic surface is a sur- 
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face that is readily wetted with high surface tension flu- 
ids. To compare the hydrophilfctty of one surface with 
another surface, a drop of water is placed on the test 
surface and its behavior observed. If the water drop 
spread on the surface of the material to wet and fill the & 
pores of the materia! with water and render the material 
transparent, the surface of the material was considered 
to be hydrophilic. If the water drop did not spread on the 
surface of the material or wet the pores to fill them sub- 
stantially completely with water, but rounded up on the * o 
surface and rendered the material translucent or 
opaque, the surface of the material was considered to 
be hydrophobic. 

[0080] To test the stability of the first layer of the film 
construction, two film constructions were used. A first 15 
film construction was made as described in Example 4. 
A second film construction was made similarly to the film 
construction of Example 4, but without the cross-linking 
step. Both constructions were immersed in various re- 
fluxing solvents, such as water, dimethyl formamide 20 
(DMF) for about 24 hours. The film constructions were 
then removed from the solvent, rinsed in fresh solvent, 
and air dried. The hydrophilictty of the particular surface 
was then tested by applying one or more drops of deion- 
ized water to the surface. The second film construction 25 
showed a significant decrease in the hydrophiHcity of the 
surfaces of the film construction. The reduced hy- 
drophilicity was believed to be due. primarily to desorp- 
tion of the copolymer from the surface of the construc- 
tions and to copolymer chain migration on the surface 30 
of the constructions. The first film construction, i.e., with 
cross-linking, remained hydrophilic under the same con- 
ditions. 

[0081] In another stability test, the first and second 
film constructions were steam autoctaved at about 35 
120°C for about 20 minutes, air dried, and then dipped 
in deionized water. When the second film construction 
was dipped in deionized water, the film construction was 
considered hydrophobic. In contrast, the first film con- 
struction became spontaneously wetted to completion *o 
with the deionized water and so was considered hy- 
drophilic. These results are believed to indicate surface 
instability and clustering on the surface of the second 
film construction, leading to a reduction of wetting po- 
tential. On the other hand, the first film construction 45 
shpwed surfactant stability. 



about 50 urn and a porosity as measured in Guriey sec- 
onds of about 22 to 24. was prewetted with isopropyl 
alcohol and then immersed in a solution of about 1% 
polyvinyl alcohol (PVA) (Sigma) in distilled water (w/v) 
for about 5 minutes. This film construction was then im- 
mersed in distilled water for about 10 minutes to rinse 
unadsorbed buBc copolymer from the ePTFE surface. 
[0084] The adsorbed layer of PVA was cross-linked in 
situ on the ePTFE support member by dipping the film 
construction in an aqueous solution of about 5% gfutar- 
aWehyde. with about 1% HCI as catalyst, for about 20 
minutes, at about 25°C to cross-link the vinyl alcohol 
groups of the adsorbed PVA copolymer chains via ace- 
tatization. This film construction was rinsed in water to 
remove excess glutaratdehyde and HCI. The resulting 
film construction was an ePTFE support member having 
a first layer formed thereon. 

Example 7 

[0085] This example illustrates used of another rea- 
gent for cross-linking the polymeric surfactants of Ex- 
ample 6. The method is as follows. 
[0086] Following adsorption of the surfactant to the 
surfaces of the ePTFE support member in Example 6, 
the film construction was dipped in an aqueous solution 
of about 2% -polyethylene glycol dialdehyde (3400 g/ 
mof. Shearwater Polymers), with about 0.1 % HCI as 
catalyst, for about 30 minutes, at about 75°C, to cross- 
link the vinyl alcohol groups of the adsorbed PVA copol- 
ymer chains via acetaltzation. This film construction was 
rinsed in water to remove excess polyethylene glycol di- 
aldehyde and HCI. The resulting film construction was 
an ePTFE support member having a first layer formed 
thereon. 

Example 8 



Example 6 



50 



[0082] This example illustrates a method for forming 
a first layer comprised of polymeric surfactants on an 
expanded polytetrafluoroethylene support member by 
adsorption and cross-linking of the polymeric surfactant 
on the exterior surfaces of an expanded polytetrafluor- 
oethylene film, as well as, the surfaces delineating the 55 
porous regions of the film. The method is as follows. 
[0083] An ePTFE support member in the form of a film 
(W.L Gore & Associates, Inc.). having a thickness of . 



[0087] This example illustrates used of another rea- 
gent for cross-linking the polymeric surfactants of Ex- 
ample 6. The method is adapted from U.S. Patent No. 
5.354.587, issued to Abaysekara, and is performed as 
follows. 

[0088] Following adsorption of the surfactant to the 
surfaces of the ePTFE support member in Example 6, 
the film construction was dipped in a methanoBc solution 
of about 0.25% potassium hydroxide (KOH) for about 
30 seconds followed by air drying. The film construction 
was then dipped in an acetone solution of about 10% 
polyethylene glycol digrycidyl ether (400 g/mol. Poly- 
sciences) for about 5 minutes. The film construction was 
cured in vacuo at about 75°C for about 3 hours to cross- 
link the vinyl alcohol groups of the adsorbed PVA copol- 
ymer chains via epoxide ateoholysis. The film construc- 
tion was rinsed in distilled water to remove excess pol- 
yethylene glycol digtycidyl ether and KOH. The resulting 
film construction was an ePTFE support member having 
a first layer formed thereon. 
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Example 9 

[0089] This example illustrates the formation and at- 
tachment of a second layer comprised of the hydrophifr: 
polymer polyvinyl alcohol (PVA) on the first layer formed 
on the ePTFE support member described in Example 1. 
[0090] The film construction of Example 1 was im- 
mersed in an aqueous solution of about 1.0 % polyvinyl 
alcohol (PVAXSigma). with about 1% HCI as catalyst, 
at about 75°C. for about 5 minutes, to allow covalent 
attachment of PVA to free aldehyde groups remaining 
after the first layer has been cross-linked. Following at- 
tachment of the second layer to the first layer via acetal 
linkages, excess PVA was rinsed from the film construc- 
tion by immersing the construction in water. The result- 
ing film construction was immediately and spontaneous- 
ly wettable with liquid water. 

Example 10 

[0091] This example illustrates the formation and at- 
tachment of a second layer composed of the hydropbflic 
polymer polyvinyl alcohol (PVA) on the first layer formed 
on the ePTFE support member described in Example 6. 
[0092] The film construction of Example 6 was im- 
mersed in an aqueous solution of about 1.0 % polyvinyl 
alcohol (PVA) (Sigma), with about 1% HCI as catalyst 
at about 25°C. for about 10 minutes, to aBow covalent 
attachment of PVA to free aldehyde groups remaining 
after the first layer has been cross-linked. Following at- 
tachment of the second layer to the first layer via acetal 
linkages, excess PVA was rinsed from the film construc- 
tion by immersing the construction in water. The result- 
ing film construction was immediately and spontaneous- 
ly wettable with liquid water. 

Example 11 

[0093] This example illustrates the formation and at- 
tachment of a second layer comprised of the hydrophilte 
polymer porylysine on the first layer formed on the eP- 
TFE support member described m Example 1, 
[0094] The film construction of Example I was im- 
mersed in a buffered aqueous solution of about 0.5% 
polylysine hydrobromide (100.000 g/rnol. Sigma) at 
about pH 9 at about 2S*C for about 2 hours to allow cov- 
alent attachment of porylysine to free surface aldehyde 
groups generated during cross-linking of the first layer. 
Cyanoborohydride was added to reduce the imine link- 
age to a secondary amine. Following attachment of the 
second layer to the first layer via imine linkages, excess 
porylysine was washed by immersing the film construc- 
tion in distilled water. The resulting film construction was 
immediately and spontaneously water wettable. 

Example 12 

[0095] This example illustrates the formation and at- 



tachment of a second layer comprised of the hydrophiBc 
polymer por/rysine on the first layer formed on the eP- 
TFE support member described in Example 6. 
[0096] The film construction of Example 6 was im- 
5 mersed in a buffered aqueous soMfon of about 0.5% 
porylysine hydrobromide (100,000 g/mol. Sigma) at 
about pH 9 at about 25 'C for about 2 hours to allow 
covalent attachment of porylysine to free surface alde- 
hyde groups generated during cross-linking of the first 
10 layer. Following attachment of the second layer to the 
first layer via imine linkages, excess polylysinewas 
washed by immersing the film construction in dfettted 
water. Cyanoborohydride was added to reduce the imi- 
ne linkage to a secondary amine. The resulting fftm coo- 
ts struction was immediately and spontaneously water 
wettable. 

Example 13 

20 [0097] This example illustrates the stability of the first 
and second layers of the flm construction described in 
Examples. In the stability test, the «m construction of 
Example 9 was extracted in dimethyl fbrmamide (DMF) 
at about 120-C for about 2 days. No statisticaly signif- 
25 teant decrease in the mass of the construction was ob- 
served using gravtrnetry, indicating no detectable des- 
orption of the first and second layers from the surface 
of the support member. This «m construction spontane- 
ously and completely wetted with liquid water. As a re- 
ao suit, the surface of the flm construction was considered 
to be stably hydrophiBc, 

[0098] In another stabBity test of the first and second 
layers of the film construction of Example 9, the «m con- 
struction was immersed m about 5% Ha at about 80*C 
35 for about 2 days, rinsed in water, and then air dried. Fol- 
lowing this treatment, the film construction remained hy- 
drophtKc. 



Example 14 



40 



[0099] This example Mustraies the stability of the first 
and second layers of the film . construction described in 
Example 10. In the stability test the film constructs of 
Example 10 was extracted in dimethyl formamide (DMF) 
45 at about 120°C for about 1 day. No statistically signifi- 
cant decrease in the mass of the construction was ob- 
served using gravimetry, indicating no detectable des- 
orption of the first and second layers from the surface 
of the support member. This film construction sporttane- 
50 ously and completely wetted with Squid water. As a re- 
sult, the surface of the film construction was considered 

to be stably hydrophiic. 

[0100] In another stability test of the first and second 
layers of the film construction of Example 10. the film 
55 construction was immersed m abc^ 5% HO at about 
80°Cforabout2days, rinsed in water, and thenar dned. 
Following this treatment, the film construction remained 
hydrophilic. 
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Example 15 

[O101J This example illustrates the stability of the first 
and second layers of the film construction described in 
Example 9. In the stability test, the film construction of 5 
Example 9 was extracted in distilled water at about 25° C 
for about 7 days. No statistically significant decrease in 
the mass of the construction was observed using 
gravimetry, indicating no detectable desorption of the 
first and second layers from the surface of the support io 
member. This film construction spontaneously and com- 
pletely wetted with liquid water. As a result, the surface 
of the film construction was considered to be stably hy- 
dro phi He. 

15 

Example 16 

[0102] This example illustrates the stability of the first 
and second layers of the film construction described in 
Example 10. In the stability test, the film construction of 20 
Example 10 was extracted in distilled water at about 
25°C for about 7 days. No statistically significant de- 
crease in the mass of the construction was observed 
using gravimetry. indicating no detectable desorption of 
the first and second layers from the surface of the sup- 25 
port member. This film construction spontaneously and 
completely wetted with liquid water. As a result, the sur- 
face of the film construction was considered to be stably 
hydrophilic 

30 

Example 17 



[0103] This example illustrates the lack of decreased 
permeability of a film construction as described in Ex- 
ample 9. To evaluate the permeabi&ty of the fBm con- 
struction, scanning electron micrographs were first tak- 
en of the microstructure of the film construction to view 
the first and second layers on the nodes and fibrils of 
the ePTFE support member. The results of these micro- 
graphs showed no visible plugging of pores or bulk dep- 
osition of surfactant therein (See Figure 5). This indi- 
cates that the adsorption and cross-linking of the first 
layer and attachment of the second layer was very thin. 
[0104] To further demonstrate that surfactant-treated 
ePTFE does not increase resistance to mass transport 
by plugging of pores, pore size was measured using a 
Coulter Porometer. A film construction was prepared as 
described in Example 9 and helically wrapped around a 
cylindrical mandrel to form a tube. The mean pore size 
of the film-tube construction was measured to be 0.173 
± 0.006 urn. while the mean pore size of a similar un- 
treated ePTFE tubing was measured to be 0.180 ± 
0.001 urn. These data indicate no statistically significant 
blockage of pores due to the first and second layers. 
[0105] To further demonstrate that an ePTFE support 
member having a first and second layer of the present 
invention does not increase resistance to mass trans- 
port by plugging of pores, the permeability of the film 



construction to glucose flux was measured. To test the 
permeability of the film construction to glucose flux an 
ePTFE film-tube construction was prepared as previ- 
ously described. The glucose mass transport coefficient 
of the film-tube construction was measured to be 0.96 
um/sec, while the glucose mass transport coefficient of 
a similar untreated ePTFE tubing was measured to be 
0.25 um/sec These data indicate that the diffusion of 
glucose across the film-tube construction of the present 
invention was greater than for the untreated material 
due to the presence of a more continuous water phase 
in the pores that traversed the thickness of the support 
member. 

Example 18 

[0106] This example illustrates the immobilization of 
a bioactive species in the form of peptides to a film con- 
struction of the present invention as described in Exam- 
ple 10. To begin the process, the film construction of Ex- 
ample 10 was immersed in an acetone solution contain- 
ing about 5% carbonyldiimidazole (Sigma) for about 60 
minutes to convert vinyl alcohol groups to reactive imi- 
dazole carbamates. The film construction was rinsed in 
acetone, then immersed in a buffered solution of about 
0.1% Gly-Arg-Gly-Asp-Ser (Sigma) at about pH 9 for 
about 24 hours at about 4°C to allow conjugation of the 
peptide onto the imidazole carbamates. Excess imida- 
zole groups were converted back to vinyl alcohol groups 
via hydrolysis in water at about pH 7.4 for about 24 • 
hours. 

Example 19 



35 [0107] This example also illustrates the immobiliza- 
tion of a bioactive species in the form of peptides to a 
film construction of the present invention as described 
in Example 9. To begin the process, the film construction 
of Example 9 was immersed in a dimethylformamide 
<0 (DMF) solution containing about 10% hexamethytene 
diisocyanate (AWrich), with about 0.5% dimethylami- 
nopyridine as catalyst, for about 1 hour in order to place 
free isocyanate groups upon the PVA layer (protocol 
adapted from A. Kondoh, K. Makino, T. Matsuda, Two- 
's Dimensional Artificial Extracellular Matrix: Bbadhesive 
Peptide-lmmobilized Surface Design," J. Applied Pol 
ym. Set. . 47: 1963 (1993)). The film construction was 
then rinsed in aqueous 1M KOH to hydrolyze the free 
isocyanates to free amines, after which it was immersed 
so j n a DMF solution containing about 0.5% disuccinimidyl 
suberate (Pierce) for about 1 hour to place free succin- 
imtdyl groups upon the free amines. The film construc- 
tion was rinsed in DMF, then immersed in a buffered so- 
lution of about 0.1% Gly-Arg-Gly-Asp-Ser (Sigma) at 
55 about pH 9 for about 12 hours to allow conjugation of 
the peptide onto the free succinimkJyl groups. 
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example 20 

[01081 This example also illustrates the immobiliza- 
tion of a bioactive species in the form of peptides to a 
film construction of the present invention as described 
in Example 9. To begin the process, the film construe^ 
of Example 9 was immersed in a solution of about 5% 
gryoxylic acid fSigma). with 1% HCI as catalyst for 
about 1 5 minutes at about 80°C to acetalize the PVA of 
the second layer, thereby conjugating free carboxybc 
acid croups. The film construction was then immersed 
in an acetone solution of about 1% N.NX.W-tetrame- 
thyWHr^-succinimidyl)uronium tetrafhioroborate (Fio- 
na) with about 0.25% dimethylaminopyridine as cata- 
Ivst for about 2 hours, to convert the carboxylic acids to 
reactive succinirnidyi esters. The film construction was 
rinsed in acetone, then immersed in a buffered solution 
of about0.1%Gly-Arg^ly-Asp^(Sigma)at about pH 

9 for about 24 hours to allow conjugation of the peptide ^ 
onto the succinirnidyi groups. 



Example 21 

[0109] This example also illustrates the immobiliza- 
tion of a bioactive species m the form of peptides tea 
film construction of the present invention as desenbed 
in Example 9. To begin the process, the film cor«Uvcbon 
of Example 9 is immersed in a solution of about 5% gry- 
oxylic acid, with about 1% HCI as catalyst, for about 10 
minutes at about 80»C to place free carboxyfc aad 
groups upon the PVA layer. The film construction s im- 
mersed in an aqueous buffered solution of about 1% 
1-ethyl-3-(d»nethylaminopropyf) carbodwnide ifcixw 
(Sigma) at about pH 5 for about 1 hour at about 4'C to 
convert the carboxylic acids to reactive O-acytureas. 
The mm construction is rinsed in the buffered solution, 
then immersed in the buffered solution with about 0.1% 
Gly-Arg^Gly-Asp-Ser (Sigma) at about pH 9 for about 
24 hours to allow conjugation of the peptide onto the O 
acytureas. 

Example 22 

10110] This example illustrates the immobilization of 
a bioactive species in the form of eels to a film construc- 
tion of the present invention as described in Example 
18! To begin the process, the film construction of Exam- 
ple 1 8 was seeded with rat insulinoma ceOs in ceO cul- 
ture medium. These cells have receptors that assist the 
cells in adhering to certain substrates or ligands. The 
ligand Gly-Arg-Gly-Asp-Ser, described in Example 18 
is commonly known to bind to receptors on cells in- 
volved in adhesion of the cell to other cells, or other sub- 
strates. In the present invention, the Arg-Gly-Asp ligand 
was used to immobilize the rat insulinoma cells to the 
film construction of Example 18. As a comparison, un- 
modified ePTFE, ePTFE modified with a polyvinyl alco- 
hol surfactant according to Example 10. but without Gry- 



Arg-Cly-Asp-Ser. and tissue culture polystyrene were 
each seeded with the same celts. Due to inertness, hy- 
drophobicity. and slippery texture of ePTf E. eels do not 
easily adhere to ePTFE, if at all. Tissue culture polysty- 
rene is commonly used as a substrate for a wide variety 
ol ce»s in tissue culture. The extent of eel adhesion was 
quantified by visualizing the eels under phase contrast 
microscopy 12 hours after the eel seeding. 
[0111] The results of these tests showed that tissue 
culture polystyrene supported spreading of al seeded 
cells after 12 hours, as expected. Similar r^lswere 
seen with the flm construction of Example 18, Unmodi- 
fied ePTFE and PVA-modrfied ePTFE made aceordxig 
to Example 10 supported less than 5% spread ceteat 
12 hours, however. These data indicate, among other 
things that the immobilization of eels onto ePTFE was 
enhanced by immobilizing bioactive ligands for which 
the eels have receptors onto the ePTFE surface. The 
data also indicate that the presence of a first and second 
layer alone did not improve eel immobilization. 

Example 23 

10112] A ceil encapsulation device of the type dis- 
25 closed by Butler et al. in WO 95/04521 a"d Jn pendng 
US Patent Application Serial No. 08/532.925. fited 
September 22. 1995. entitled -Improved Cel Encapsu- 
lation Device." which is incorporated herein by refer- 
ence, was made using the film constnjetion of Exami*i 
» 10 as the cell encapsulation membrane, or cover, of the 
device. In preferred embodiments of the Butler et at de- 
vice, the geometry is essentially cylindrical. An enoor- 
tent feature of the device is a cell displacing core itocated 
in the center of the device to place cells away form tne 
M center ol the device near the cell encapsulation mem- 
brane where maximum exchange of nutrients, gases, 
wastes, and eel products between ce* jmcapsutated 
in the device and the external environment of the device 

40 rail SipA film construction as described in Example 1 0 
was made and helically wrapped on a cylindrical man- 
drel to form a tube, or cover, about 3 cm in length, havxig 
an inner diameter of about 1.7 cm. A hydrogel rod. or 
core about 3 cm in length, having an outer diameter ot 

4S about 1 .6 cm was inserted into the tube. The tube was 
sealed atoneend by applying a constrictWesilicone rub- 
ber cuff over the tube and the eore (See Figure 8). Using 
a syringe, the device was fifed with a slurry of adhesion- 
independent rat rnsuSnoma cells in eel culture medium. 

50 The remaining open end of the tub. was sealed using 
constrictive silicone rubber cuffs to prevent passage of 
cells out of the tube. 

[01 14] As the cells were being loaded into the device, 
the first and second layers of the film construction of the 
ss tube caused me tube to spontaneously wet when ex- 
posed to the culture medium. As the tube became wet- 
ted with the aqueous portion of the culture medium, the 
tube became transparent, allowing visualization of the 
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cells contained therein. The celt encapsulation device 
was maintained in vitro using standard cell culture tech- 
niques. The viability of the celts was assessed by mon- 
itoring glucose metabolism. The cells remained viable 
and produced lactic acid via glycolysis while enclosed 
in the device for up to 3 weeks. These results demon- 
strate the presence of a continuous water phase across 
the film construction of the present invention sufficient 
for diffusion of nutrients, gasses, and wastes for celts to 
remain viable. The results also demonstrate that the film 
construction of the present invention was not toxic to 
cells. 

Example 24 

[0115] Many mammalian cells useful for biotechnolo- 
gy are adhesion dependent For proper health of these 
cells, the cells must have a suitable surface upon which 
to adhere and spread. If the cells are not provided with 
a suitable surface, their metabolic output may be re- 
duced, and in extreme circumstances cell death may oc- 
cur. The present example illustrates that a membrane 
as described in Example 18 and formed into an assem- 
bly according to Example 23 may also maintain the vi- 
ability of adhesion-dependent smooth muscle cells. 
[0116] Two film-tube constructions were initially 
made. A first construction was made as described in Ex- 
ample 18 having the peptide tigand Gly-Arg-Gly-Asp- 
Ser. A second construction similar to Example 10 was 
made. Each film construction was formed into a cell en- 
capsulation device according to Example 23, following 
autociaving. A hydrogel core in the form of a rod was 
inserted into each tubular cell encapsulation device. 
One end of each device was sealed with a constrictive 
silicone rubber cuff as described in Example 23. Each 
device was filled with a slurry of canine smooth muscle 
cells in cell culture medium. The remaining open end of 
each device was sealed using constrictive silicone rub- 
ber cuffs to prevent passage of cells out of the device. 
The film-tube construction of both cell encapsulation de- <o 
vices spontaneously wetted when exposed to the cul- 
ture medium. The wetted film-tube constructions be- 
came transparent and allowed visualization of the cells 
contained within the device. Both cell encapsulation de- 
vices were maintained in vitro using standard cell culture « 
techniques. 

{0117] The morphological state of the cells was as- 
sessed by phase contrast microscopy. Cells immobi- 
lized within the second film construction were unspread 
on the surface of the construction with much cellular de- so 
oris observed after 4 days in culture. Cells immobi&zed 
within the first film construction were spread upon the 
surface of the film-tube construction. The cells remained 
spread on the surface of the first film construction for up 
to 16 weeks. These data suggest that for the immobiB- « 
zation of certain cell types, the presence of a continuous 
water phase for the transport of nutrients may be inad- 
equate for their morphology and immobilization. Sur- 



face-bound bioactive (igands may be necessary for the 
proper morphology and viability of immobilized adhe- 
sion-dependent cell types. 

5 Example 25 



{0118] In the present invention, spacer amis may be 
provided as a tether, or linkage, to provide a physical 
space between the bioactive species and the second 
layer in order to relieve steric limitations between these 
two components. A variety of hydrophific and hydropho- 
bic spacer arms may be attached onto the muftBayered 
structure using techniques known to those skilled in the 
art For example, the film construction of Example 9 was 
immersed in an aqueous solution of about 5% -polyeth- 
ylene glycol dialdehyde (3400 g/mol, Shearwater Poly- 
mers), with 1% HCI as catalyst, for about 5 minutes, at 
about 80°C, to place free aldehyde groups on the PVA 
surface tethered by a PEG chain. Bioactive species 
were then be immobilized onto these free aldehydes us- 
ing techniques known to those skilled in the art 



25 



30 



35 



Example 26 

[0119] Using the protocol of Example 18. a Gly-Arg- 
Gly-Asp-Ser ligand was immobilized to the luminal sur- 
face of an ePTFE vascular graft (W:L Gore & Associ- 
ates, Inc., Flagstaff. AZ). Following autociaving, the 
graft was seeded with canine endothelial cells. The cells 
were allowed to adhere for 10 days in culture. Adhesion 
of the endothelial cells was assessed using a stain spe- 
cific for endothelial low density lipoprotein (tDL) vacu- 
oles (Biomedical Technologies). The LOL stain showed 
a confluent monolayer of functional endothelial cells 
covering the entire treated surface of the vascular graft. 

Example 27 

[0120] A vascular graft having a 6mm inner diameter 
made according to Example 26 was grafted in a grey- 
hound dog as a femoral-popliteal artery by-pass for 2 
hours. No anticoagulants were used in the experiment 
At the end of the 2 hour period, the graft was removed 
and examined for the presence of endothelial ceHs im- 
mobilized on the luminal surface of the graft. Endothelial 
cells were observed on the luminal surface of the vas- 
cular graft following the 2 hour test tittle or no thrombus 
formation was observed on the luminal surface of the 
graft. 

Example 28 

[0121] As demonstrated in Example 22, adhesion-de- 
pendent cell types may require the presence of a sur- 
face bound peptide factor for immobilization. CeHs were 
not immobilized onto the untreated hydrophobic ePTFE 
support member, but were attached to the two layer PVA 
system having the bioactive species Gly-Arg-Gly-Asp- 
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Ser immobilized thereon as perExample 22. Therefore, 
cells may be immobilized onto a support member m a 
pattern by placing the first layer, the second layer, and 
the bioactive species in specific locations on the support 

member. . 4/% 

r 0 i22J For example, a construction of Example 10 
was sandwiched between two other identical mem- 
branes. A rubber stamp having a distinct pattern was 
wetted with isopropyl alcohol The isopropyl alcohol was 
applied to the membrane "sandwich- to wet afl the eP- 
TFE layers with only the pattern of the stamp. The mem- 
brane sandwich was then treated according to the pro- 
tocol of Example 18 to conjugate the peptide in the 
shape of the pattern on the rubber stamp. The central 
membrane was removed from the sar^^nfigura. 
tion and seeded with canine endothelial cells. After 
about 12 hours, cells were immobilized in the shape of 
the pattern. No cells were seen adhered to the area of 
the ePTFE support member where the conjugated pep- 
tide had not been immobilized. The immobilized canine 
cells remained viable. immobPized, and confined to the 
patterned area of the support member for at least 4 
weeks. See Figure 10, for example. 

Example 29 

[0123] This example illustrates the present invention 
having a support member comprised of a polyester ma- 
terial. A film of polyester (Poretics) is first immersed in 
isopropanoi to wet the membrane. The flm is then m- 
mersed in a solution of 1% polyvinyl alcohol (PVA) (Sig- 
ma) for about 5 min to allow adsorption of the PVA. Next, 
the film is rinsed m deionized water for about 10 mm. 
Lastly, the film is immersed m a solution of about 5% 
glutaraldehyde and about 1 % HCI for about 20 minutes 
to cross-link the PVA in situ. The resulting film construc- 
tion is a polyester support member having a first layer 
formed thereon. 

Example 30 

[0124] This example illustrates the present invention 
having a support member comprised of a polycarbonate 
material. A film of polycarbonate (Poretics) is first im- 
mersed in isopropanoi to wet the membrane. The film is 
then immersed in a solution of 1% polyvinyl alcohol 
(PVA) <Sigma) for about 5 mm to allow adsorption of the 
PVA. Next, the film is rinsed in deionized water for about 
10 min. Lastly, the film is immersed in a solution of about 
5% glutaraldehyde and about 1% HCI for about 20 min- 
utes to cross-link the PVA in situ. The resulting film con- 
struction is a polycarbonate support member having a 
first layer formed thereon. 

Example 31 



material. A film of polyethylene (Whatman) is first im- 
mersed in isopropanoi to wet the membrane. The film is 
then immersed in a solution of1% polyvinyl alcohol 
(PVA) (Sigma) for about 5 mm to allow adsorption of the 
5 PVA. Next, the film is rinsed in deionized water for about 
10 mm. Lastly, the film is immersed in a solution of about 
5% glutaraldehyde and about 1% HCI for about 20 min- 
utes to cross-link the PVA in situ. The resulting film con- 
struction is a polyethylene support member having a first 
i o layer formed thereon. 

Example 32 

[0126] This example Uluslrates the present invention 
15 having a support member comprised of a poryvinytiden- 
efluoride material. A film of poryvinylidenefluoride (M»- 
ipore) is first immersed in isopropanoi to wet the rnem- 
brane. The film is then immersed in a solution of ^pol- 
yvinyl alcohol (PVA) (Sigma) for about 5 mm. to alow 
20 adsorption of the PVA. Next, the film is rinsed m deion- 
ized water for about 10 min. Lastry, the film is mvnersed 
in a solution of about 5% glutaraldehyde and about 1% 
HO for about 20 minutes to cross-link the PVA in situ. 
The resulting film construction is a potyvmyfideneftuo- 
25 ride support member having a first layer formed thereon. 

Example 33 

[0127] This example illustrates the present invention 
30 having a support member comprised of s»ver metal. A 
membrane of silver metal (Poretics) is first immersed in 
isopropanoi to wet the metal The metal is then im- 
mersed in a solution of 1 % polyvinyl alcohol (PVA) (Sig- 
ma) for about 5 mm. to allow adsorption of the PVA. 
35 Next, the metal is rinsed in deionized water for about 10 
min. Lastly, the metal is immersed in a solution of about 
5% glutaraldehyde and about 1 % HCI for about 20 mm- 
utes to cross-link the PVA in situ. The resulting fBm con- 
struction is a silver metal support member having a first 
40 layer formed thereon. 

Example 34 

[0128] This example illustrates the present invention 
45 having a support member comprised of a cellulose ac- 
etate material. A film of cellulose acetate (Mittipore) is 
first immersed m isopropanoi to wet the membrane. The 
film is then immersed in a solution of 1% p^ryvirryl alco- 
hol (PVA) (Sigma) for about 5 mm. to alow adsorption 
so of the PVA. Next, the film is rinsed in deionized water 
for about 10 mm. Lastly, the film is immersed m a solu- 
tion of about S% glutaraldehyde and about 1% HQ for 
about 20 minutes to cross-link the PVA in situ. The re- 
sulting film construction is a cellulose acetate support 
55 .member having a first layer formed thereon. 



[0125] This example illustrates the present invention 
having a support member comprised of a polyethylene 
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Example 35 

[0129] This example illustrates the immobilization of 
a bioactive species in the form of peptides to a fUm con- 
struction of the present invention as described in Exam- 
ple 30. The film of Example 30 is treated additionally 
according to Example 10 to place a second layer ther- 
eon. The film is then immobilized with the bioactive pep- 
tide Gly-Arg-Gly-Asp-Ser according to Example 1 8. The 
resulting film construction is a polycarbonate support 
member having the bioactive species Gfy-Arg-Gly-Asp- 
Ser immobilized thereto. 

Example 36 

[0130] This example illustrates the immobilization of 
a bioactive species in the form of peptides to a film con* 
struction of the present invention as described in Exam- 
ple 31. The film of Example 31 is treated additionally 
according to Example 10 to place a second layer ther- 
eon. The film is men immobilized with the bioactive pep- 
tide Gly-Arg-Gly-Asp-Ser according to Example 18. The 
resulting film construction is a polyethylene support 
member having the bioactive species Gly-Arg-Gly-Asp- 
Ser immobilized thereto. 

Example 37 

[0131] This example illustrates the immobilization of 
a bioactive species in the form of peptides toafflm con- 
struction of the present invention as described in Exam- 
ple 32. The film of Example 32 is treated additionally 
according to Example 10 to place a second layer ther- 
eon. The film is then immobilized with the bioactive pep- 
tide Gly-Arg-Gry-Asp-Ser according to Example 18. The 
resulting fUm construction Is a polyvtnylidenefluoride 
support member having the bioactive species Gly-Arg- 
Gly-Asp-Ser immobilized thereto. 

Example 38 

[0132] This example illustrates the immobilization of 
a bioactive species in the form of peptides to a film con-, 
struction of the present invention as described in Exam- 
ple 33. The film of Example 33 is treated additionally 
according to Example 10 to place a second layer ther- 
eon. The film is then immobilized with the bioactive pep- 
tide Gly-Arg-Gly-Asp-Ser according to Example 18. The 
resulting film construction is a silver metal support mem- 
ber having the bioactive species Gly-Arg-Gly-Asp-Ser 
immobilized thereto. 

Example 39 

[0133] This example illustrates the immobilization of 
a bioactive species in the form of peptides to a film con- 
struction of the present invention as described in Exam- 
ple 34. The film of Example 34 is treated additionally 



according to Example 10 to place a second layer ther- 
eon. The film is then immobilized with the bioactive pep- 
tide Gly-Arg-Gly-Asp-Ser according to Example 1 8. The 
resulting film construction is a cellulose acetate support 
5 member having the bioactive species Gry-Arg-Gly-Asp- 
Ser immobilized thereto. 

Example 40 

10 [0134] This example illustrates the immobilization of 
a bioactive species in the form of cells to a film construc- 
tion of the present invention as described in Example 
36. Cells are seeded on the membrane of Example 36 
according to Example 22. The expected results show 
« that the film construction of Example 36 supports the 
immobilization of cells, while the unmodified polypropyl- 
ene films are unable to support the immobilization of 
cells. 

20 Example 41 

[0135] This example Slustrates the present invention 
having a support member comprised of an expanded 
polytetrafluoroethytene (ePTFE) covered stent in the 
25 form of a composite. To construct the composite, a nitf- 
nol wire stent is covered with an ePTFE tube. Once con- 
structed, the composite device is immersed in isopropyl 
alcohol to prewet the ePTFE. This is followed by immer- 
sion in a solution of about 1% polyvinyl alcohol (PVA) 
30 (Sigma) in distilled water (w/v) for about 5 minutes fol- 
lowed by a washing in distilled water for about 10 min- 
utes to remove unadsorbed bulk copolymer. The ad- 
sorbed PVA is cross-linked according to that detailed in 
Example 6 to form a first layer on the ePTFE support 
33 member component of the stent composite. A second 
layer is then applied to the first layer using the procedure 
illustrated in Example 12. The amine groups now Immo- 
bilized on the ePTFE support member are linked via al- 
dehyde cross-linking to a desired bioactive species. The 
*o resulting construction is a second layer attached to the 
first with bioactive species immobilized thereon. 

Example 42 

45 [0136] This example describes a method for the de- 
tection of the degree of cross-linking of the PVA. Fourier 
Transform Infrared Spectroscopy is used to detect the 
free hydroxyl groups before and after cross-linking. A 
shift in the hydroxyl group (OH) peak position from ap- 
w proximately 3349 cnr 1 to approximately 3383 cm' 1 with 
a decrease in peak height is proportional to the degree 
of cross-linking. A decrease in the height of the peak of 
about 50% and a shift from approximately 3349 cnr 1 to 
approximately 3383 cnr 1 when about 50% of the hy- 
55 droxyl groups of the PVA are cross-linked. 
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Example 43 

[01371 This example illustrates a method for the de- 
tection of excessive cross-finking of the of a first layer 
comprised of polyvinyl alcohol (PVA) in an article of the 
present invention. In the method, a first article was pre- 
pared according to Example 6. A second article was also 
made using a gtutaraldehyde/HCI exposure of only 5 
minutes. Both articles were steam steriized and exam- 
ined using FTIR. The article made according toExampte 
6 revealed a broad peak at about 1690 cnr* and a sharp 
peak at about 1590 crrr'. These peaks are believedto 
represent excess aldehyde groups present on the first 
layer and its partial hydrolysis products from steam ex- 
posure. The article that was exposed to glutaraldehyde/ 
HCl for 5 minutes showed a small peak at about 1690 
car 1 and no peak at about 1590 cmr\ These results 
demonstrate that the PVA layer of the second article was 
cross-linked to a lesser extent than the PVA layer of the 
first article. Accordingly, an increase in the peak areas 
at about 1690 cur* and 1590 cm' 1 is indicative of the 
extent of cross-linking of the first layer of an article of 
the present invention. 

Example 44 

[01381 This example Btustrates a method for detecting 
the presence of a second layer of PVA attached to a first 
layer of PVA in an article of the present invention. In the 
method, an article constructed according to Example 10 
was steam sterilized and examined using FTIR. Strong 
peaks at about 2950 cnr' and about 3350 cnH was 
seen under FT1R analysis. These peaks represent sig- 
nals from the hydrocarbon backbone and the hydroxy! 
groups of the PVA. respectively, of the first and second 
layers Peaks at 1590 crrr' and 1690 cnr 1 were not 
seen. The absence of peaks at 1590 cnr' and 1690cm 1 
indicate that substantially all of the aldehyde groups 
from the cross-linking agent were consumed during the 
attachment of the second layer to the first layer. Accord- 
ingly, the ratio of peak area at about 2950 cnr 1 to the 
peak area at about 1590 crrr 1 is indicative of the extent 
to which excess, unreacted. aldehyde groups are 
present following attachment of a second layer to a first 
layer in the present invention. 

Example 45 

[0139] This example Bhistrates a method for detecting 
the presence of a second layer comprised of poly(lysine) 
attached to a first layer of PVA. In the method, an article 
made according to Example 1 2 was steam sterilized and 
examined using FTIR. A strong peak at about 2950 crrr 1 
was seen under FTIR analysis. This peak represents a 
signal from the hydrocarbon backbone of PVA of the first 
layer A peak at about 1590 cnr 1 was not observed. The 
absence of a peak at 1590 cm-1 indicates that substan- 
tially all of the aldehyde groups of the cross-linking agent 



of the first layer were consumed during the attachment 
of the second layer to the first layer. A peak at about 
1650 cm- 1 was observed. This peak represents a signal 
from the amide groups of the poty<»ysir») moietiee of the 
5 second layer. As in Example 44. the ratio of peak area 
at about 2950 crrr 1 to the peak area at about 1590 cm- 1 
is indicative of the extent to which excess, unreacted. 
aldehyde groups are present following attachment of a 
second layer to a first layer in the present invention. 
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[0140] This example illustrates the imrnobHizaoon of 
lysine to a second layer comprised of PVA such that the 
15 lysine molecules are immobilized through the a-amine 
group of the molecule, while leaving the e-arnine group 
of the lysine molecules are unreacted. This method re- 
lies on Boc protection of the e-amine group of the lysine 
molecules. 

20 [0141] A construction of the present invention having 
a second layer according to Example 10 Is imrnersed in 
a 5% solution of carbonyldiimidazole dissolved in anhy- 
drous acetone for 60 minutes. The construction is suc- 
cessively rinsed in acetone, then aqueous buffer 

25 (iSOrnMNaHCOa.SWr^ 

L-lysine (Bachem California. Torrance CA) is dissolved 
in the coupling buffer at a concentration of 10mg/ml. The 
construct is imrnersed in this solution for 24 nr. at 4-C 
with gentle agitation. 

30 [0142] The construcoonts rinsed successively in cou- 
pling buffer, defonized water, and tetrahydrofuran. The 
construction Is then immersed m a solution of 10% trff- 
luoroacetic acid dissolved in tetrahydrofuran for 60 min. 
This is foflowed by successive rinsing in tetrahydro- 

35 furan. deionized water, and coupling buffer. The reSutt- 
ingartictecorttairisr/sto 

er exclusively via the a-amine terminus with the e-amine 
group of the lysine unreacted, or free. 

40 Example 47 

[0143] This example frustrates another irnrriobtiza- 
tion of lysine to a second layer comprised of PVA such 
that the lysine molecules are immobilized through the 
45 a-amine group of the molecule, while leaving thee- 
amine group of the lysine molecules are unreacted. This 
method relies on Boc protection of the e-amine group of 
the lysine molecules. 

[0144] A construction of the present invention having 
so a second layer according toExampte 10 is immersed in 
a 5% solution of carbonyMiimidazole dissolved in anhy- 
drous dimethylformamide for 60 minutes. The construc- 
tion is rinsed in dirnemylformarnide. N-c-Boc-L-lysine 
(Bachem CaHfomia, Torrance CA) is dissolved in 
55 dimethytformamide at a concentration of iOmg/ml. The 
construction is immersed in this solution for 24 hr at 4«C 
with gentle agitation. The construction is then rinsed in 
dimethylformamide. Next the sample is immersed in a 
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solution of 10% trifluoroacetic acid dissolved in dimeth- 
ylformamide for 60 min., followed by successive rinsing 
in dimethylformamide, deionized water, and phosphate 
buffered saline. The resulting article contains lysine im- 
mobilized to the second layer exclusively via the a- 
amine terminus with the E-amine group of the lysine un- 
reacted, or free. 

Example 48 

(0145] This example illustrates another immobiliza- 
tion of lysine to a second layer comprised of PVA such 
that the lysine molecules are immobilized through the 
a-amirte group of the molecule, while leaving the e- 
amine group of the lysine molecules are unreacted. This 
method relies on FMOC protection of the e-amine group 
of the lysine molecules. 

I014q A construction of the present invention having 
a second layer according to Example 10 is immersed in 
a 5% solution of carbonyldiimidazoie dissolved in anhy- 
drous acetone for 60 minutes. The construction is suc- 
cessively rinsed in acetone, then aqueous buffer 
(150mM NaHCOj, 500mM NaCI, pH 810. 4 W C). N-e- 
FMOC-L-lysine (Bachem California. Torrance CA) is 
dissolved in the coupling buffer at a concentration of 
10mg/ml. The construct is immersed in this solution for 
24 hr. at 4°C with gentle agitation. 
[01 47] The construction is rinsed successively in cou- 
pling buffer, deionized water, and tetrahydrofuran. The 
construction is then immersed in a solution of 10% pip- 
eridine dissolved in tetrahydrofuran for 60 min. This is 
followed by successive rinsing in tetrahydrofuran, 
deionized water, and coupling buffer. The resulting arti- 
cle contains lysine immobilized to the second layer ex- 
clusively via the a-amine terminus with the e-amine 
group of the lysine unreacted, or free. 



in dimethylformamide, deionized water, and phosphate 
buffered saline. The resulting article contains lysine im- 
mobilized to the second layer exclusively via the a- 
amine terminus with the e-amine group of the lysine un- 
reacted, or free. 

Example 50 

[0150] This example illustrates the immobilization of 
10 lysine to a second layer comprised of poiy(ethyterte- 
jmine) such that the lysine molecules are immobilized 
through the a-amine group of the molecule, while leav- 
ing the e-amine group of the lysine molecules are unre- 
acted. This method relies on Boc protection of the e- 
amine group of the lysine molecules. 
[01 51] A construction of the present invention having 
a second layer comprised of poly(ethyleneimine) is im- 
mersed in a 5% solution of carbonyldiimidazoie dis- 
solved in anhydrous acetone for 60 minutes. The con- 
20 struction is successively rinsed in acetone, then aque- 
ous buffer (150mM NaHC0 3 . 500mM NaCI, pH 8.0, 
4°C). N-e-Boc-L-r/sine (Bachem California. Torrance 
CA) is dissolved in the coupling buffer at a concentration 
of 10mg/ml. The construct is immersed in this solution 
» for 24 hr. at 4°C with gentle agitation. 

[0152] The construction is rinsed successively m cou- 
pling buffer, deionized water, and tetrahydrofuran. The 
construction is then immersed in a solution of 10% trif- 
luoroacetic acid dissolved in tetrahydrofuran for 60 mm. 
30 This is followed by successive rinsing in tetrahydro- 
furan, deionized water, and coupling buffer. The result- 
ing article contains lysine immobilized to the second lay- 
er exclusively via the a-amine terminus with the e-amine 
group of the lysine unreacted, or free. 

35 

Example 51 



Example 49 

[0148] This example iDustrates another immobiliza- 
tion of lysine to a second layer comprised of PVA such 
that the lysine molecules are immobilized through the 
a-amine group of the molecule, while leaving the e- 
amine group of the lysine molecules are unreacted. This 
method relies on FMOC protection of the e-amine group 
of the lysine molecules. 

[0149] A construction of the present invention having 
a second layer according to Example 10 is immersed in 
a 5% solution of carbonyldiimidazoie dissolved in anhy- 
drous dimethylformamide for 60 minutes. The construc- 
tion is rinsed in dimethylformamide. N-e-FMOC-L4ysine 
(Bachem California. Torrance CA) is dissolved in 
dimethylformamide at a concentration of 10mg/ml. The 
construction is immersed in this solution for 24 hr at 4"C 
with gentle agitation. The construction is then rinsed in 
dimethylformamide. Next, the sample is immersed -in a 
solution of 10% trifluoroacetic acid dissolved in dimeth- 
ylformamide for 60 min., followed by successive rinsing 



[0153] This example illustrates another immobiliza- 
tion of lysine to a second layer comprised of poly(ethyi- 

40 eneimine) such thai the lysine molecules are immobi- 
lized through the a-amine group of the molecule, while 
leaving the e-amine group of the lysine molecules are 
unreacted. This method relies on Boc protection of the 
e-amine group of the lysine molecules. 

<5 [01 54] A construction of the present invention having 
a second layer comprised of poly(ethyteneimine) is im- 
mersed in a 5% solution of carbonyldiimidazoie dis- 
solved in anhydrous dimethylformamide for 60 minutes. 
The construction is rinsed in dimethylformamide. N-c- 

50 Boc-L-rysine (Bachem Cafifornia, Torrance CA) is dis- 
solved in dimethylformamide at a concentration of 
10mg/ml. The construction is immersed in this solution 
for 24 hr at 4°C with gentle agitation. The construction 
is then rinsed in dimethylformamide. Next, the sample 

55 . is immersed in a solution of 1 0% trifluoroacetic acid dis- 
solved in dimethylformamide for 60 min., followed by 
successive rinsing in dimethylformamide, deionized wa- 
ter, and phosphate buffered saline. The resulting article 
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contains lysine immobilized to the second layer exclu- 
sively via the a-amine terminus with the e-amroe group 
of the lysine onreacted. or free. 

Example 52 

101551 This example illustrates another ^mobifea. 
tion of lysine to a second layer comprised of PoWathyl- 
eneimine) such that the lysine "^^T^Z 
lized through the a-amine group of the motecule^mrte 
teaving the e-amine group of the 
onreacted. This method relies on FMOC protection of 
the e-amine group of the lysine molecules. . 
101561 A construction of the present invention having 
a second layer comprised of p^ethylerjeimrne) hi «v 
"meSol a S% solution of car^ytdiimidazote d«- 
solved in anhydrous acetone for 60 mmutes. The con- 
struction is successively rinsed hi acetone.] hen aque- 
oTbotfer (150mM NaHCO,. 500mM NaCI. pH 8.0. 
4=C) N-r-FMOC-L-tysine (Bachem California. Torrance 
CA) to dissolved in the coupling buffer at a concentration 
of 10mg/ml. The construct is immersed in this solution 
for 24 hr. at 4°C with gentle agitation. 
[01571 The construction is rinsed successively m cou- 
pling buffer, deionized water, and Ustrahydrofuran. The 
construction is then immersed in a solution of 10% pip- 
eridine dissolved in telrahydrofuran for 60 mm. Thrs is 
followed by successive rinsing in telrahydrofuran. 
deionized water, and coupling buffer. The resulting arti- 
cle contains lysine immobilized to ^ s^taywex- 
dusivefy via the a-amine terminus with the e-amine 
group of the lysine unreacted. or free. 

Example 53 

[01581 This example illustrates another immobiliza- 
tion of lysine to a second layer comprised of poMethyt- 
eneimine) such that the lysine molecules are immobi- 
lized through the a-amine group of the molecule, while 
leaving the e-amine group of the lysine molecules are 
onreacted. This method relies on FMOC protection of 
the e-amine group of the lysine molecules. 
[01591 A construction of the present invention having 
a second layer comprised of poty(ethyleneimine) rs im- 
mersed m a 5% solution of carbonyWiimidazole dis- 
solved in anhydrous dimethylformamide for 60 minutes. 
The construction is rinsed in dimetaylfcrmamide. N-e- 
FMOC-L-lysine (Bachem California. Torrance CA) is 
dissolved in dimethylformamide at a concentration of 
10mg/ml. The construction is immersed in this solution 
for 24 hr at 4°C with gentle agitation. The construction 
is then rinsed in dimethylformamide. Next the sample 
is immersed in a solution of 10% trifluoroacetk |aadj dis- 
solved in dimethylformamide for 60 min.. fbtowed by 
successive rinsing in dimethylformamide. deionized wa- 
ter, and phosphate buffered saline. The resulting article 
contains lysine immobilized to the second layer exclu- 
sively via the a-amine terminus with the e-amine group 



of the lysine unreacted. or free. 
Example 54 

5 [01601 This example illustrates the immobilization of 
Line to a second layer comprised of poty(1-lysme) 
such that the lysine molecules are immobilized through 
the a-amine group of the molecule, while leaving the e- 
amine group of the lysine molecules are unreacted. The 
to method relies on Boc protection of the e-amine group oi 
the lysine molecules. ' . 

101611 A construction of the present invention having 
a second layer according to Example 12 is <™™*« 
a 5% solution of carbonytdimidazole dissolved m anhy- 
ts drous acetone for 60 minutes. The construction a suc- 
cessively rinsed in acetone, then aqueous buffer 
(150mM NaHCO,. SOOmM NaCI. pH «0. 4«C). I N^-Boo- 
L-lvsine (Bachem California. Torrance CA) « dissolved 

» construct is immersed in this solution for 24 hr.at4C 
with gentle agitation. 

[01621 The consuuction is rinsed successively m cou- 
pling buffer, deionized water, and letrahy^fu^Th. 
construction is then immersed m a solution oM0%tnf- 
25 luoroacetic acid dissolved in tetrahy drofuran for 60rrmv 
This is followed by successive rinsmg m tefrahydro- 
furan. deionized water, and coupling buffer. The result- 
ing article contains lysine immobilized to «»Meondto£ 
er exclusively via the a-amine terminus with the e-amtne 
30 group of the lysine unreacted, or free. 

Example 55 



[01631 This example ilustrates another invnobisza- 
35 tion of lysine to a second layer comprised of po* 
(1-lysine) such that the lysine molecules are immotM- 
lized through the a-amine group of the molecule, wtwe 
leaving the e-amine group of the lysine molecules are 
unreacted. This method relies on Boc protection of the 
40 e-amine group of the lysine molecules. 

[01641 A construction of the present invention having 
a second layer according to Example 12 ^nmers^ " 
a 5% solution of cartjonykjamidazole dissolved in anhy- 
drous dimethylformamide for 60 minutes. The wnstruc- 
4$ tion is rinsed in dimethytformamide. N^-Boc-L-rysxie 
(Bachem Caifomia. Torrance CA) i. J^J"- 
dimemylforrnamide at a concentration oflOmg/mt The 
construction is immersed in this solution for24hrat4C 
with gentle agitation. The construction is then nosed m 
so " dimemylformamide. Next, the sample * ™ners<*«3 
solution of 10% trifluoroacetic acid dissolved in dsneth- 
ylformamide for 60 min.. followed by 
in dimethylformamide. deionized water, and phosphate 
buffered saline. The resulting article contains lysme «v 
55 mobilized to the second layer exclusively via the a- 
amine terminus with the e-amine group of the lysine un- 
reacted. or free. 
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Example 56 

[0165] This example illustrates another immobiliza- 
tion of lysine to a second layer comprised of poly 
(1 -lysine) such that the lysine molecules are immobi- 5 
iized through the a-amine group of the molecule, while 
leaving the e-amine group of the lysine molecules are 
unreacted. This method relies on FMOC protection of 
the e-amine group of the lysine molecules. 
[0166] A construction of the present invention having to 
a second layer according to Example 12 is immersed in 
a 5% solution of carbonyldiimidazole dissolved in anhy- 
drous acetone for 60 minutes. The construction is suc- 
cessively rinsed in acetone, then aqueous buffer 
(150mM NaHC0 3 , 500mM NaCI. pH 8.0, 4°C). N-e- *5 
FMOC-L-lysine {Bachem California, Torrance CA) is 
dissolved in the coupling buffer at a concentration of 
10mg/ml. The construct is immersed in this solution for 
24 hr. at 4°C with gentle agitation. 
[01 67] The construction is rinsed successively in cou- 
pling buffer, de ionized water, and tetrahydrofuran. The 
construction is then immersed in a solution of 10% pip- 
eridine dissolved in tetrahydrofuran for 60 min. This is 
followed by successive rinsing in tetrahydrofuran, 
deionized water, and coupling buffer. The resulting arti- 
cle contains lysine immobilized to the second layer ex- 
clusively via the a-amine terminus with the e-amine 
group of the lysine unreacted, or free. 

Example 57 

[0168] This example illustrates another immobiliza- 
tion of lysine to a second layer comprised of poly 
(1-lysine) such that the lysine molecules are immobi- 
lized through the a-amine group of the molecule, while 
leaving the e-amine group of the lysine molecules are 
unreacted. This method relies on FMOC protection of 
the e-amine group of the lysine molecules, 
[01 69] A construction of the present invention having 
a second layer according to Example 1 2 is immersed in 40 
a 5% solution of carbonyldiimidazole dissolved in anhy- 
drous dimethytfomamide for 60 minutes. The construc- 
tion is rinsed in dimethytformamkJe. N-e-FMOC-L-lysine 
(Bachem Cafifomia, Torrance CA) is dissolved in 
dimethyiformamide at a concentration of 10mg/ml. The 45 
construction is immersed in this solution for 24 hr at 4°C 
with gentle agitation. The construction is then rinsed in 
dimethyiformamide. Next, the sample is immersed in a 
solution of 10% trifluoroacetic acid dissolved in dimeth- 
yiformamide for 60 min., followed by successive rinsing 50 * 
in dimethyiformamide, deionized water, and phosphate 
buffered saline. The resulting article contains lysine im- < 
mobilized to the second layer exclusively via the a- 
amine terminus with the e-amine group of the lysine un- 
reacted, or free. 55 



Example 58 

[0170] This example illustrates a vascular graft made 
with materials of the present invention. A vascular graft 
comprised of a porous polytetrafiuoroethyierte material 
(W.L Gore & Associates, Inc., Flagstaff, AZ) is obtained 
and subjected to the processes described in Examples 
1 and 9, above, in order to prepare the graft for immo- 
bilization of lysine thereto. 

[0171] Lysine is attached to the second layer via any 
of the processes described in Examples 46-57, above. 
The resulting vascular graft has lysine immobilized 
thereto such that circulating plasminogen can attach to 
the immobilized lysine and form a thrombolytic blood 
contact surface thereon once the graft is implanted in a 
recipient 



Claims 

20 

1. A material having immobilized bioactrve species 
comprising: 

a support member; 
2S a first layer comprised of at least one species 

of a polymeric surfactant attached to the sup- 
port member and cross-linked together in situ; 
a second layer comprised of at least one spe- 
cies of a hydrophHic polymer attached to the 
30 first layer; and 

at least one type of bioactrve species attached 
to the second layer. 

2. The material of claim 1 wherein the support member 
comprises a non-porous polymer material. 

3. The material of claim 2 wherein the non-porous pol- 
ymer material is selected from a member of the 
group consisting of potytetrafluoroethylene, poly- 
ethylene, polypropylene, polyethyleneterephtha- 
late, polystyrene, potysulfone, polycarbonate, poly- 
ethylene-co-vinyl acetate, polyamide, poly- 
urethane, and regenerated cellulose. 

4. The material of claim 1 wherein the support member 
is selected from a member of the group consisting 
of silk, wool,, and leather. 

5. The material of claim 1 wherein the support member 
comprises a porous polymer material. 

The material of claim 5 wherein the porous polymer 
material is selected from a member of the group 
consisting of porous polytetrafluoroethyfene, po- 
rous polyethylene, porous polypropylene, porous 
polyethyteneterephthalate, porous polyurethane, 
porous silicone rubber, porous polystyrene, porous 
polysulfone, porous polyester, porous pofyhydroxy- 
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20 



acids, porous polycarbonate, porous polyimide. po- 
rous polyamide, porous polyamino acids, and po- 
rous regenerated cellulose. 

The material of claim 1 wherein the polymeric sue- 
factant comprises a multifunctional copolymer com- 
prised of at least one domain having a phyweo- 
chemical affinity for the support member and at 
least one domain that is chemically reactive with a 
cross-Unking agent 

The material of claim 1 wherein the hydrophilic pc4- 
' ymer comprises chemically functional groups ^pa" 
m of attaching to the first ^ and ao^nal 
chemically functional groups capable of attaching 
to the bioactive species. 

» The material of claim 1 wherein the polymeric sur- 
factant of the first layer is selected from the group 
consistmgof polyvinyl alcohol, polyethylene glycol, 
polypropylene glycol, dextran. agarose, alginate, 
polyacrylamide. polyglycidol. polyvinyl ateohokx>- 
ethytene). poly(ethyteneglycolwopyter^ly- 
col) poly(vinyl acetate-co-vinyl alcohol). P«y 
(tetrafluoroethytene-co-vinyl alcohol). po»y(acrylo- 
nitriie^o-acrylamide). poly(acryionrtrile-co-acryl« 
acid-co-acryiamidine). polyacryfic acid, pdy-lysine. 
polyethyleneimine. polyvinyl pyrrofidone. pc*hy- 
droxyethylmethaaytate. and polysulfone, and their 
copolymers, either atone or in combination. 

10 The material of claim 1 wherein the hydropMlic pol- 
ymer of the second layer is selected from the group 
consisting of polyvinyl alcohol. potylys«e, poly 
(acrykmitrOe-co-acrylic ackl-acrytarradine), poly- 
acryfic acid, polyhydroxyethylmemacrylate. polyvi- 
nylpyrrolidone, polyethylene glycol, algrote 
sepharose. agarose, polyethyleneimine. polyah 
tytamine. polyaminoethyimethacrylate. poryorni- 
thine. polyaminoacrylamide. polyacrylamide. poly- 
acrolein. polyacryloxysuccinimide. por/suKone, po- 
»y(acrylonitrile^acrylamioe). and their copoly- 
mers, either atone or in combination. 

11 The material of claim 1 wherein the hydrophilic pol- « 
' ymer comprises a random copolymer of tetranuor- 
4 ©ethylene and vinyl alcohol. 

12. The material of daim 1 wherein the hydroprulic p* 
ymer comprises a copolymer of hydroxyethylmeth- » 
acrylate and hexafluoroacrylate. 

13. The material of daim 1 wherein the hydrophilic pol- 
ymer comprises a copolymer of polyethylene and 
vinyl alcohol. 



oactive species. 



15 The material of claim 14 wherein the spacer conv 
pound is selected from a member of a group con- 
sisting of succinic acid, diaminohexane. gfyoxytic 
acid, short chain polyethylene glycol, and glycine. 

16. The material of daim 14 wherein the spacer com- 
pound is cteavable. 



14. The material of daim 1 wherein a spacer compwnd 
is interposed between the second layer and the bh 



17. The material of daim 16 wherein the cteavable 
spacer compound is selected from the group con- 
sisting of polyhydroxyacids. polyarthydrides. 
potyamino acids, tartarates. and cysteine-«nkers. 

1$. A material having immobilized bioactive species 
comprising: 

a support member comprised of a pdy- 
tetrafluoroethylene material; 
a first layer comprised of at least one species 
of a polymeric surfactant attached to the sup- 
port member and cross-linked together m s*u 
with sufficient amounts of a cross-linking agent 
so that unreacted chemically reactive groups of 
the cross-linking agent are present: 

a second layer comprised of at least one 
species of a hydrophilic polymer attached 
to the first layer through the unreacted 
chemfcatty reactive groups of the cross- 
linking agent; and 

at least one type of bioactive species at- 
tached to the second layer. 

19. The material of daim 18 wherein the polymeric sur- 
factant comprises a multifunctional copolymer com- 
prised of at least one domain having a physico- 
chemical affinity for the support member and at 
, least one domain that is chemically reactive with the 
cross-tinktng agent 

20 The material of daim 1 8 wherein the hydrophilic pol- 
* ymer comprises chemically functional groups capa- 
ble of attaching to the unreaded cr«mica^reacbve 
groups of the cross-iinking agent attached to the 
first layer and having additional cherrocally function- 
al grwps capabte of attach'^ 
cies. 

21. The material of claim 18 wherein the porytetrafluor- 
oethylene material is porous. 

22. The material of claim 18 wherein the porytetrafluor- 
oethylene material ts non-porous. 

23 The material of claim 18 wherein a spacer com- 
" pound is interposed between the second layer and 
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the bioactive species. 

24. The material of claim 23 wherein the spacer com- 
pound is selected from a member of a group con- 
sisting of succinic acid, diaminohexane, glyoxyiic 5 
acid, short chain polyethylene glycol, and glycine. 

25. The material of claim 23 wherein the spacer com- 
pound is cleavabte. 



10 
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26. The material of daim 25 wherein the cleavable 
spacer compound is selected from the group con- 
sisting of polyhydroxyadds, pofyanhydrides, 
polyamino acids, tartarates. and cysteine-linkers. 

27. A material having immobilized bioactive species 
comprising: 



a support member; 

a first layer comprised of at least one species *> 
of a polymeric surfactant attached to the sup- 
port member and cross-linked together in situ 
with sufficient amounts of a cross-linking agent 
so that unreacted chemically reactive groups of 
the cross-linking agent are present; 25 
a second layer comprised of at least one spe- 
cies of a hydrophilic polymer attached to the 
first layer through the unreacted chemically re- 
active groups of the cross-linking agent; and 
at least one type of bioactive species attached 30 
to the second layer. 

28. The material of claim 27 wherein the support mem- 
ber comprises a non-porous polymer material. 



prised of at least one domain having a physico- 
chemical affinity for the support member and at 
least one domain that is chemically reactive with the 
cross-linking agent. 

33. The materia! of claim 27 wherein the hydrophilic pol- 
ymer comprises chemically functional groups capa- 
ble of attaching to the unreacted chemically reactive 
groups of the cross-linking agent attached to the 
firs! layer and having additional chemically function- 
al groups capable of attaching to the bioactive spe- 
cies. 

34. The material of claim 27 wherein a spacer com- 
pound is interposed between the second layer and 
the bioactive species. 

35. The material of claim 34 wherein the spacer com- 
pound is selected from a member of a group con- 
sisting of succinic acid, diaminohexane, glyoxyiic 
acid, short chain polyethylene glycol, and glycine. 

36. The material of claim 34 wherein the spacer com- 
pound is cleavabte. 

37. The material of claim 36 wherein the cleavable 
spacer compound is selected from the group con- 
sisting of polyhydroxyacids, polyanhydrides, 
polyamine acids, tartarates. and cysteine-linkers. 

38. A material having immobilized bioactive species 



29. The material of daim 28 wherein the non-porous 
polymer material is selected from a member of the 
group consisting of polytetraftuoroethylene, poly- 
ethylene, polypropylene, polyethyleneterephtha- 
late, polystyrene, polysulfone, polycarbonate, and 
regenerated cellulose. 

30. The material of daim 27 wherein the support mem- 
ber comprises a porous polymer material. 

31. The material of daim 30 wherein the porous poly- 
mer material is selected from a member of the group 
consisting of porous polytetrafluoroethylene, po- 
rous polyethylene, porous polypropylene, porous 
polyethyieneterephthalate, porous polyurethane, 
porous silicone rubber, porous polystyrene, porous 
polysulfone, porous polyester, porous polyhydroxy- 
acids. porous polycarbonate, porous polyimide, po- 
rous polyamide. porous polyamino acids, and po- 
rous regenerated cellulose. 

32. The material of daim 27 wherein the polymeric sur- 
factant comprises a multifunctional copolymer cpm- 



a support member; 
35 a first layer comprised of at least one species 

of a polymeric surfactant attached to the sup- 
port member and cross-linked together m situ 
with sufRdent amounts of a cross-finking agent 
so that unreacted chemically reactive groups of 
40 the cross-linking agent are present and at least 

one type of bioactive species attached to the 
first layer. 

39. The material of daim 38 wherein the support mem- 
45 ber comprises a non-porous polymer material. 



40. The material of daim 39 wherein the non-porous 
polymer material is selected from a member of the 
group consisting of polytetrafluoroethylene, poly- 
ethylene, polypropylene, polyethyleneterephtha- 
late, polystyrene, polysulfone, polycarbonate, arid 
regenerated cellulose. 



50 



41 . The material of daim 38 wherein the support mem- 
55 ber comprises a porous polymer material. 

42. The material of daim 41 wherein the porous poly- 
mer material is selected from a member of the group 
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consisting of porous polytelrafluoroelhyierve, po- 
rous polyethylene, porous polypropylene, porous 
potyethyleneterephthalate. porous polyurethane. 
porous silicone rubber, porous polystyrene, porous 
polysulfone. porous polyester, porous polyhydroxy- 
acids. porous polycarbonate, porous polyimide. po- 
rous polyamide, porous poly amino acids, and po- 
rous regenerated cellulose. 

43 The material of daim 38 wherein the polymeric sur- 

* factant comprises a muttrfuncttonal copolymer com- 
prised of at least one domain having a physico- 
chemical affinity for the support member and at 
least one domain that is chemically reactive with the 
cross-Unking agent 

44 The material of daim 38 wherein a spacer com- 

* pound is interposed between the first layer and the 
btoactive species. . 

45 The material of claim 44 wherein the spacer com- 
pound is selected from a member of a group con- 
sisting of succinic acid, diaminohexane. glyoxylic 
acid, short chain polyethylene glycol, and glycine. 

46. The material of claim 44 wherein the spacer com- 
pound is cleavabte. 

47 The material of claim 46 wherein the cleavable 
spacer compound is selected from the group con- 
sisting of poryhydroxyacids. polyanhy*toes. 
potyamino acids, tartarates, and cysteme-Hnkers. 

48. A material having immobilized btoactive spedes 
comprising: 



51 . The material of daim 48 wherein the support mem- 
ber comprises a porous polymer material 

52. The material of daim 51 wherein the porous poty- 
5 mar material teselected from a member of the group 

consisting of porous polytetraftuoroethylene, po- 
rous polyethylene, porous polypropylene, porous 
polyethyleneterephthalate. porous polyurethane. 
porous silicone rubber, porous polystyrene, porous 
w polysulfone. porous polyester, porous poryhydroxy- 
acids. porous polycarbonate, porous polyimide. po- 
rous polyamide. porous potyamino acids, and po- 
rous regenerated cellulose. 

is 53. The material of daim 48 wherein a spacer com- 
pound is interposed between at least one layer of 
the plurality of layers and the btoactive species. 



a support member; 

a first layer comprised of at least one species 
of a polymeric surfactant attached to the sup- 
port member and cross-linked together in situ; * 
a plurality of layers attached to one another 
wherein each layer is comprised of at least one 
species of a hydrophilic polymer and wherein 
at least one layer of the plurality of layers is at- 
tached to the first layer, and 45 
at least one type of btoactive species attached 
to at least one layer of the plurality of layers. 

49. The material of daim 48 wherein the support mem- 
ber comprises a non-porous polymer material. m 

50. The material of daim 49 wherein the non-porous 
polymer material is selected from a member of the 
group consisting of polytetrafluoroethytene. poly- 
ethylene, polypropylene, polyetrtyteneterephtha- « 
late, polystyrene, polysulfone. polycarbonate, and 
regenerated cellulose. 



54. The material of daim 53 wherein the spacer com- 
20 pound is selected from a member of a group con- 
sisting of succinic acid, diaminohexane. glyoxylc 
acid, short chain polyethylene glycol, and glycine. 

55. The material of daim 53 wherein the spacer com- 
25 pound is cleavable. 

56. The material of claim 55 wherein the cleavable 
spacer compound is selected from the group con- 
sisting of poryhydroxyacids, polyanhydrides. 

30 poryamino acids, tartarates. and cysteine-Bnkers. 

57. A method of making a material having immoWRzed 
btoactive spedes which comprises: 

providing a support member; 
adsorbing a first layer comprised of polymeric 
surfactants to the support member, 
cross-finking the polymeric surfactants in situ 
with a cross-linking agent; 
attaching a second layer comprised of at least 
one type of hydrophilic polymer to the first layer; 
and 

immobilizing a btoactive species to the second 
layer. 



5B. The method of claim 57 wherein the support mem- 
ber is a non-porous polymer material. 

59. The method of daim 57 wherein the support mem- 
ber is a porous polymer material. 

60 The method of daim 57 wherein the polymeric sur- 
factants are selected from a member of the group 
consisting of polyvinyl alcohol, polyethylene glycol, 
polypropylene glycol, dextran. agarose, alginate, 
polyacrylamide. polygrvcidol. polyvinyl alcohol-co- 
polyethylene. poWemytenegtycol^c-propyleneo; 
lycol). poly(vinyl acetate-co-vinyl alcohol). HPL-1. 
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poly(tetrafluoroe%tene-co-vinyl alcohol), poiy 
(acrylonhrUa-co-acryiamide), poly(acrytonitrt8-co- 
acryllc acid-acrylamidine), polyacrylic acid, polya- 
mide, poly-lysine. poryethyleneimine, polyvinyl pyr- 
rolldone. poryhydroxyethytmeth aery late, polysul- 5 
fone, and polysaccarides, and their copolymers, ei- 
ther alone or in combination. 

61 . The method of claim 57 wherein the hydrophific pol- 
ymers are selected from a member of the group '0 
consisting of polyvinyl alcohol, polytysine, poly 
(acrytonitrile-co-acryfic acid-acrylamidine), poly- 
acryfic acid, polyhydroxyethylmethacrylate. polyvi- 
nylpyrrolidone, polyethylene glycol, alginate, 
sepharose. agarose, poryethyleneimine, polyaf- 15 
lylamine, polyaminoewylmethacrylate, poryomi- 
thine, polyaminoacrylamide, polyacrylamide. poly- 
acrolein, pofyacryloxysuccmimide, polysulfone, po- 
IWacrylonitrile-co-acrylamide), and their copoly- 
mers, either alone or in combination. 20 

62. The method of claim 57 wherein the cross-linking 
agent is selected from a member of the group con- 
sisting of vinyls, imidadots, carbamates, aldehydes, 
epoxides, acyl halkJes, aky! halides, isocyanates, 25 
amines, anhydrides, acids, alcohols, thiols, esters, 
imtdes, and maleimides. 



63. The method of claim 57 further comprising: 

using a sufficient amount of cross-linking agent 30 
when cross-linking the polymeric surfactants in situ 
so that unreacted chemically reactive groups of the 
cross-finking agent are present 

64. The method of claim 57 further comprising: 35 

cross-Unking the polymeric surfactants in situ 
with a cross-linking agent under 
conditions that do not produce polymerization 
of the cross-linking agent <o 



one type of hydrophPic polymer to the first layer; 
and 

immobilizing a btoactive species to the second 
layer. 

68. The material of claim 67 wherein the support mem- 
ber comprises a non-porous polymer material. 

69. The material of claim 68 wherein the non-porous 
polymer material is selected from a member of the 
group consisting of polytetrafluoroethytene, poly- 
ethylene, polypropylene, potyethyteneterephtha- 
tate. polystyrene, polysulfone. polycarbonate, and 
regenerated cellulose. 

70. The material of daim 67 wherein the support mem- 
ber comprises a porous polymer material. 

71. The material of daim 70 wherein the porous poly- 
mer material is selected from a member of the group 
consisting of porous polytetrafluoroethytene, po- 
rous polyethylene, porous polypropylene, porous 
poiyethyteneterephthalate, porous polyurethane. 
porous silicone rubber, porous polystyrene, porous 
polysulfone, porous polyester, porous polyhydroxy- 
acids, porous polycarbonate, porous pofyimide, po- 
rous potyamfde, porous pofyamtno acids, and po- 
rous regenerated cellulose. 

72. The material of daim 67 wherein the polymeric sur- 
factant comprises a multifunctional copolymer com- 
prised of at least one domain having a physico- 
chemical affinity for the support member and at 
least one domain that is chemicaBy reactive with the 
cross-linking agent 

73. The material of daim 67 wherein a spacer com- 
pound is interposed between the first layer and the 
bioactive species. 



45 



65. The method of daim 57 further comprising: 

using a catalyst with the cross-linking agent that 
evolves as a gas following the cross-linking step. 

66 ; The method of claim 57 further comprising: 

using a catalyst with the cross-linking agent in the 
form of a dissolved gas. 



67. The material of daim 1 wherein the material is pro- <* so 
duced through the following process: 

providing a support member. 

attaching a first layer comprised of polymeric 

surfactants to the support member; « 

cross-linking the polymeric surfactants in situ 

with a cross-linking agent; 

attaching a second layer comprised of at least 



74. The material of claim 73 wherein the spacer com- 
pound is selected from a member of a group con- 
sisting of succinic acid, diaminohexane, glyoxytic 
acid, short chain polyethylene glycol, and gtydne. 

75. The material of daim 73 wherein the spacer com- 
pound is deavable. 

76. The material of claim 75 wherein the deavable 
spacer compound is selected from the group con- 
sisting of polyhydroxyacids, poryanhydrides, 
polyaminp adds, tartarates. and cysteine-linkers. 

77. A vascular graft comprising: 

a porous polytetrafluoroethytene material; 
a first layer comprised of at least one species 
of a polymeric surfactant attached to the sup- 
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port member and cross-linked together in sit* 
a second layer comprised of at least one spe- 
cies of a hydrophilic polymer attached to the 
first layer; and 

at least one isomer of lysine attached to the 
second layer, the second layer and 
immobifeed lysine serving as a blood contact 
surface. 

to 



9. 
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PatenlansprOche 

1. Material mft immobilisierten btoaktiven Spezie*. 
aufweisend: 

einenTragerbestandteil, 
eine erste Schicht. bestehend aus mindestens 
einer Art eines polymeren oberflachenaktiven 
Mittels. das an den TragerbestandteH gebun- 
den und mst sich in situ vemetzt 1st. m 
eine zweite Schfcht bestehend aus minde- 
stens einer Art eines hydrophiten Polymers, 
das an die erste Schicht gebunden 1st. und 
mindestens eine Art von bioaktiver Spezies. die 
an die zweite Schicht gebunden ist 

2 Material nach Anspruch 1. bei dem der Tragert>e- 
standteil ein nicht-poroses Polymermateriai auf- 
weist 

3. Material nach Anspruch 2. bei dem das 
se Polymermateriai ausgewahlt ist aus einemGled 
der Gruppe, die besteht aus Polytetrafluorethyten, 
Polyethyten. Polypropyten. Polyethytenterephtha- 
lat Polystyrol, Polysulfon, Polycarbonate Polyethy- ™ 
len-co-vinytecetat, Polyamid. Polyurethan und re- 
generierter Cellulose. 

4. Material nach Anspruch 1, bei dem der Tragerbe- 
standteii ausgewahlt ist aus einem GUed der Grup- 
pe, die besteht aus Seide. Wolle und Leder. 

5. Material nach Anspruch 1. bei dem der Tragerbe- 
standteit ein poroses Polymermateriai aufweet 

6. Material nach Anspruch 5, bei dem das porose Po- 
* lymermaterial ausgewahlt ist aus einem GUed der 

Gruppe. die besteht aus porosem Polytetrafluore- 
thyten. porosem Polyethyten, porosem Porypropy 
ten porosem Polyethylenterephthalat. porosem » 
Polyurethan, porosem Siticonkautschuk. porosem 
Polystyrol. porosem Polysulfon. porosem Poly- 
ester porosen Poryhydroxysauren, porosem Poly- 
carbonat. porosem PolyimkJ, porosem Polyamid, 
porosen Polyaminosauren und poroser regenerier- » 
ter Cellulose. 



oberflachenaktive Mittel ein muttifunktionefies Cop- 
olymer aufweist das besteht aus mindestens einem 
Beretch mit physkalisch-chemischer AffinRat zu 
dem Tragerbestandtetl und mindestens einem Be- 
reich. der mil einem Vernetzungsmittel chemisch 
reakttensfahig ist. 

8 Material nach Anspruch 1 . bei dem das hydrophite 
Polymer chemisch funkttonelte Gruppen aufweist 
die zur Bindung an die erste Schfcht fahig sind. und 
zusatzfich chemisch funktionete Gruppen. <** zur 
Bindung an die bioaktive Spezies fahig sind. 

Material nach Anspruch 1. bei dem das polymere 
c^erflachenaktrve Mittel der ersten Schfcht ausge- 
wahlt ist aus der Gruppe, die besteht aus Polyvinyl- 
alkohol, Polyethytenglycol. Potyr^ropytenglycol. 
Dextran. Agarose. Alginat Por/acrytamid, Polygty- 
ckJol Polytvinylalkohoico-ethyten), Poly(ethylen- 
gtyco^»-propylenglycol). Poly(vfnylacetat<o- 
vinytalkohol). Poly{tetrafhJoremylerH^yte|kc- 
hoi). PoMacryinitriM»-acrytamid). Pc^acrytmtn> 
cMoytsaure-co-acrytamidin). Polyacryisaure. Po- 
lylysin. Polyethylenimin. PolyvinylpyrroBdon. Pory- 
hydroxyethylmethacrylat und Polysulfon und ihren 
Copotymeren. entweder alieine oder in Kombmati- 



on. 

10 Material nach Anspruch 1. bei dem das hydrophite 
Polymer der zweiten Schfcht ausgewahlt ist aus der 
Gruppe, die besteht aus PoryvinytaKohol. Polyty- 
sin. Poly(acrylnHri^acrylsaure-acry^ Po- 
lyacryisaure, Polyhydroxyethytmethacrytat, Polyvi- 
nylpyrroBdon. Polyethytenglycol, Alginat Sepharo- 
se Agarose, Polyethyterimin, Pofyallytamin, Poly- 
ammoewytmethacrytat Polyornithin, Polyami- 
noacrylamid, Poryacrytamid, Polyacroteki. Poly- 
acryloxysucdnimtd. Polysulfon. Poly(acrylnitri^ 
acrylamid) und ihren (^polymeren. entweder aBet- 
ne Oder in Kombination. 

11 Material nach Anspruch 1 , bei dem das hydrophite 
Polymer ein statistisches Copolymer aus Tetrafluo- 
rethyten und Vlnytefcobol aufweist 

12. Material nach Anspruch 1. bei dem das hydrophite 
Polymer ein Copolymer aus Hydroxyethylme- 
tnacrytat und Hexafluoracrytet aufweist 

13 Material nach Anspruch 1 , bei dem das hydrophite 
Polymer ein Copolymer aus Polyethyten und Vlnyt- 
alkohol aufweist 

14. Material nach Anspruch 1. bei dem eine Abstand- 
halter-Verbindung zwischen die zweite Schfcht und 
die btoaktrve Spezies eing^schoben ist 



7. 



. . , wrtkimflro 15 Material nach Anspruch 14, bei dem die Abstand- 
Material nach Anspruch 1 , bei dem das polymere 15. waienai na* *v 
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16. 



hatter- Verbindung ausgewahft tst aus einem Glied 
einer Gruppe, die besteht aus Succinsaure, Diami- 
nohexan, Glyoxylsaure, kurzkettigem Poiyethyten- 
glycol und Gfyctn. 

Material nach Anspruch 14, bei dem die Abstand- 
halter-Verbindung spaltbar ist 



17. Material nach Anspruch 16, bei dem die Spaftbare 
Abstandhatter-Verbindung ausgewahtt ist aus der 
Gruppe, die besteht aus Potyhydroxysauren, Poly- 
anhydriden, Polyaminosauren, Tartraten und Cy- 
stetn-Unkem. 

■ ■■ i ■ 

18. Material mit immobilisierten bioaktiven Spezies, 
aufweisend: 

einen Tragerbestandteil, bestehend aus einem 
PolytetrafluorethytervMaterial, 
eine erste Schicht, bestehend aus mindestens 
einer Art eines polymeren oberflachenaktrven 
Mittels. das an den TrSgerbestandteP gebun- 
den ist und mit stch in situ mit ausreichenden 
Mengen etnes Vernetzungsmittels vemetzt ist, 
so daa unumgesetzte chemisch reaktive Grup- 
pen des Vernetzungsmittels vorhanden sind. 
eine zweite Schicht bestehend . aus minde- 
stens einer Art eines hydrophilen Polymers, 
das uber die unumgesetzten chemisch reakti- 
ven Gruppen des Vernetzungsmittels an die er- 
ste Schicht gebunden ist, und 
mindestens eine Art von bioaktiver Speztes, die 
an die zweite Schicht gebunden isL 



19. Material nach Anspruch 18. bei dem das pofymere 
oberflachenaktrve Mittel ein muttffunkttoneltes Cop- 
olymer aufweist das besteht aus mindestens einem 
Bereich mit physfluaiisch-chemtscher Affinitat zu 
dem Tragerbestandteil und mindestens einem Be- 
reich, der mit dem Vemetzungsmittel chemisch re- 
aktionsfdhig ist 

20. Material nach Anspruch 18, bei dem das hydrophile 
Polymer chemisch funktioneDe Gruppen aufweist, 
die zur Bindung an die unumgesetzten chemisch re- 

^ aktiven Gruppen des an die erste Schicht gebunde- 
nen Vernetzungsmittels fahig sind, und das zusatz- 
lich chemisch funktioneDe Gruppen hat, die zur Bin- 
dung an die bioaktive Spezies fahig sind. 

21. Material nach Anspruch 18, bei dem das Polytetraf- 
luorethylen-Material poros ist 

22. Material nach Anspruch 18, bei dem das PoJytetraf- 
luorethylen-Material nicht poros ist 

23. Material nach Anspruch 18, bei dem eine Abstand- 
halter-Verbindung zwischen die zweite Schicht und 



die bioaktive Spezies eingeschbben ist 

24. Material nach Anspruch 23, bei dem die Abstand- 
halter-Verbindung ausgewahtt ist aus einem Gfied 
der Gruppe, die besteht aus Succinsaure, Otemin- 
ohexan, Gtyoxyteaure, kurzkettigem Polyethyten- 
gtycol und Glyctn. 

25. Material nach Anspruch 23, bei dem die Abstand- 
10 halter- Verbindung spattbar tst 

26. Material nach Anspruch 25, bei dem die spaltbare 
Abstandhatter- Verbindung ausgewahtt ist aus der 
Gruppe, die besteht aus Potyhydroxysauren, Porv- 

15 anhydriden. Polyaminosauren, Tartraten und Cy- 
stetn-Unkem. 

27. Material mit immobilisierten bioaktiven Spezies, 
aufweisend: 

20 

einen Tragerbestandteil, 
eine erste Schicht, bestehend aus mindestens 
einer Art eines polymeren oberflachenaktiven 
Mittels, das an den Tragerbestandteil gebun- 
25 den ist und mit sich in situ mit ausreichenden 

Mengen eines Vemetzungsmitteis vemetzt ist 
so daB unumgesetzte chemisch reaktionsfahi- 
ge Gruppen des Vemetzungsmitteis vorhan- 
den sind, 

30 eine zweite Schicht bestehend aus minde- 

stens einer Art eines hydrophilen Polymers, 
das Ober die unumgesetzten chemisch reakti- 
ven Gruppen des Vernetzungsmittels an die er- 
ste Schicht gebunden ist, und 
mindestens eine Art von bioaktiver Spezies. die 
an die zweite Schicht gebunden Ist 
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28. Material nach Anspruch 27, bei dem der Tragerbe- 
standteil ein nicht-pordses Poiymermateriai auf- 
weist 

29. Material nach Anspruch 28, bei dem das nicht-po- 
rdse Poiymermateriai ausgewahtt ist aus einem 
Glied der Gruppe, die besteht aus PoJytetraftuore- 
thylen, Potyethyteri, Potypropyten. Polyethy tenter- 
ephthalat Porystyrol, Polysutfon, Polycarbonat und 
regenerierter Cellulose. 

30. Material nach Anspruch 27, bei dem der Tragerbe- 
standteil ein poroses Poiymermateriai aufweist 

31. Material nach Anspruch 30, bei dem das pordsePo- 
tymermateriaJ ausgewahtt tst aus einem Glied der 
Gruppe, die besteht aus pordsem Poiytetraftuore- 
thyten. pordsem Polyethyten, pordsem Potypropy- 
len, pordsem Polyethytenterephthatat, pordsem 
Polyurethan, pordsem Siliconkautschuk. pordsem 
Potystyrol, pordsem Polysutfon. pordsem Poly- 
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sster porosen Polyhydroxysauren. porosem Poly- 
carbonat porosem Polyimid, porosem Polyamid. 
porosen Polyaminosauren und poroser regenerier- 
terCeButose. 5 

32. Material nach Anspruch 27, bei dem das polymere 
oberflachenaktive Mittel ein muttifunktioneBes cop- 
olymer aufweist das bestehtaus mmdestenseinem 
Bereich mil physkaiisch-chemischtr Affinitat zu 
dem Tragerbestandteil und mirxlestens emem Be- 
reich, der mil dem Vemetzungsmitlel chemisch re- 
aktionsfehig ist 

33. Material nach Anspruch 27. bei dem das hydn>ph«e 
Polymer chemisch funktionette Gruppen aufweist. 
die zur Bindung an die unumgesetzten chemisch re- 
aktionsfahigenOfuppen des an die erste Schicht 
gebundenen Vemetzungsmittels fahig sind, und zu- 
satzlich chemisch funktionelle Gruppen hat die zur 
Bindung an die bioaktive Spezies fahig sind. 

34. Material nach Anspruch 27. bei dem eine £stend- 
hatter-Verbindung zwischen die zweite Schicht und 
die bioaktive Spezies eingeschoben ist ^ 

35. Material nach Anspruch 34, bei dem die Abstand- 
hatter-Verbindung ausgewahtt ist aus emem Gbed 
einerGruppe. die besteht aus Succir^. Diarm- 
nohexan, Glyoxyisaure. kurzkettigem Polyethyten- ^ 
glycol und Glycin. 

36. Material nach Anspruch 34. bei dem die Abstand- 
halter-Verbindung spattbarist 



40. Material nach Anspruch 39. bei dem das mcht-po- 
rose Potymermaterial ausgewaht tet aus emem 
GRed der Gruppe. die besteht aus Pcrfytetrafkjore- 
thylen. Polyethyten. Polypropyten. Polyethytenter- 
ephthalat Polystyrol. Polysuifon. Polycarbonatund 
regenerierterCelutose. 

41. Material nach Anspruch 38. bei dem der Tn^erbe- 
standteil etn poroses Polymermaterial aufweist 

42. Material r>achAnspruch41,b^ 

jymermaterial ausgewahtt ist aus emem GBed der 
Gruppe. die besteht aus porosem Potytetrafluore- 
thyten. porosem Polyethyten. porosem Polypropy- 
ten. porosem Potyethylenterephthalat. porosem 
Polyurethan. porosem SUiconkautschuk. porosem 
Polystyrol. porosem Polysuifon. porosem Poly, 
ester, porosen PolyhydroxysSuren. porosem Poly- 
carbonat porosem Polyimid. porosem Polyamid. 
porosen Polyaminosauren und poroser regenener- 
terCeHutose. 

43. Material nach Anspruch 38. bei dem das^porymere 
oberflachenaktive Mittel ein rmiltmjnktionettesCop- 
olyrner aufweist das besteht aus mmdestens einem 
Bereich mit physikalisch^Mmiischer Affinitat zu 
dem Tragerbestandteil und mindestens emem Be- 
reich. der m* dem Vemetzungsmittet chemisch re- 
aktionsfahig ist 

44. Material nach Anspruch 38. bei dem etr«A^nd- 
halter-Verbindung zwischen der ersten Schicht una 
der bfoaktiven Spezies eingeschoben ist 



37 Material nach Anspruch 36. bei dem die spaKbare 35 
Abstandhalter-Verbindung ausgewShlt ist aus der 
-Gruppe. die besteht aus Polyhydroxysauren. Poly- 
anhydriden. Polyaminosauren. Tartraten und Cy- 
stein-tinkem. ^ 

38. Material mit immobilisierten btoaktiven Spezies. 
aufweisend: 

einen Tragerbestandteil. 

eine erste Schicht bestehend aus mindestens 

einer Art eines polymeren oberflachenaktiven 
Mittels. das an den Tragerbestandteil gebun- 
den fet und mit sich in situ mit ausrefchenden 
Mengen eines Veroetzungsmittets vernetzt ist 
so daG unumgesetzte chemisch reaktionsfShi- » 
ge Gruppen des Vemetzungsmittels vorhan- 
den sind. und mindestens eine Art von bioaktf- 
ver Spezies. die an die erste Schicht gebunden 

55 

39. Material nach Anspruch 38. bei dem der Tragerbe- 
standteil ein nicht-pordses Polymermaterial auf- 
weist. 



45. Material nach Anspruch 44. bei dem die Abstand- 
halter-Verbindung ausgewaht ist aus enem^ed 
einer Gruppe. die besteht aus SucdnsSure J Dtomi- 
nohexan. Glyoxyisaure. kurzkettigem Pdyethyten- 
glycolund<9lyctn. 

46. Material nach Anspruch 44. bei dem die Abstand- 
halter-Verbindung spaltbar ist 

47. Material nach Anspruch 46. bei dem die spaltbare 
Abstandhalter-Verbindung ausgewahlt «t ausder 
Gruppe, die besteht aus Polyhydroxysauren. Poiy- 
anhydriden. Polyaminosauren. Tartraten und Cy- 
stein-tinkern. 

4«. Material mil immobilisierten bioaktiven Speztes. 
aufweisend: 

einen Tragerbestandtea. 
eine erste Schicht bestehend aus mindestens 
einer Art eines polymeren oberflachenaktiven 
Mittels. das an den Tragerbestandteil gebun- 
den ist und mit sich in siUrveroetzt ist. 
eine Mehrzahl aneinandergebundenerSchicn- 
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ten, wobei jede Schicht aus mindestens einer 
Art eines hydrophiten Polymers besteht und 
wobei 

mindestens eine Schicht der Mehrzahl von 
Schichten an die erste Schicht gebunden ist, 5 
und 

mindestens eine Art von bioaktiver Spezies, die 
an mindestens eine Schicht der Mehrzahl von 
Schichten gebunden ist 

TO 

49. Material nach Anspruch 48, bei dem der Tragerbe- 
standtetl ein nicht-poroses Polymermaterial auf- 
weist. 

50. Material nach Anspruch 49. bei dem das nicht-po- 1 5 
rose Polymermaterial ausgewahlt ist aus einem 
Glied der Gruppe. die besteht aus Polytetrafkjore- 
thyten, Polyethylen, Polypropylen, Polyethylenter- 
ephthalat Porystyrot, Polysulfon, Porycarbonat und 
regenerierter Cellulose. 20 

51 . Material nach Anspruch 48, bei dem der Tragerbe- 
standteil ein poroses Polymermaterial aufwetst 

52. Material nach Anspruch 51, bei dem das porosePo- 25 
lymermaterial ausgewahlt ist aus einem Glied der 
Gruppe, die besteht aus pordsem Poiytetrafluore- 
thyten, porosem Polyethylen, porosem Polypropy- 
ien. porosem Polyethylenterephthalat porosem 
Poryurethan, porosem Siliconkautschuk. pordsem w 
Polystyrol, pordsem Polysulfon, pordsem Poly- 
ester, porosen Polyhydroxysauren, pordsem Pory- 
carbonat, pordsem Polyimid, pordsem Polyamid, 
porosen Polyaminosauren und pordser regenerier- 
ter Cellulose. 35 

53. Material nach Anspruch 48, bet dem eine Abstand- 
halter-Verbindung zwischen mindestens einer 
Schicht der Mehrzahl von Schichten und der bioak- 
tiven Spezies eihgeschoben ist <o 

54. Material nach Anspruch 53. bet dem die Abstand- 
hatter-Verbindung ausgewahlt ist aus einem Gfied 
einer Gruppe, die besteht aus Succinsaure, Diami- 
nohexan, Glyoxytsaure, kurzkettigem Polyethylen- 45 

§ glycol und Glycin. 

• 

55. Material nach Anspruch 53, bei dem die Abstand- 
halter-Verbindung spaltbar ist 

50 

56. Material nach Anspruch 55, bei dem die spattbare 
Abstandhalter-Verbindung ausgewShtt ist aus der 
Gruppe, die besteht aus Polyhydroxysauren, Poly- 
anhydriden, Polyaminosauren, Tartraten und Cy- 
stein-tinkern. 55 < 

57. Verfahren zur Herstellung eines Materials mit im- 
mobifisierten bioaktiven Spezies, welches aufweist: 



Berertsteilen eines TragerbestandteBs, 
Adsorbieren einer ersten Schicht, bestehend 
aus polymeren oberflachenaktiven MitteJn. an 
den TragerbestandteD, 

Vernetzen der polymeren oberflachenaktiven 
Mittel in situ mit einem Vemetzungsmittel, 
Binden einer zweften Schicht. bestehend aus 
mindestens einer Art eines hydrophiten Poly- 
mers, an die erste Schicht. und 
Immobifisieren einer bioaktiven Spezies an der 
zwetten Schicht 

58. Verfahren nach Anspruch 57, bei dem der TrSger- 
bestandteil ein nicht-poroses Potymermateriai ist 

59. Verfahren nach Anspruch 57, bei dem der Trfiger- 
bestandteil ein poroses Polymermaterial ist 

60. Verfahren nach Anspruch 57, bei dem die polyme- 
ren oberflachenaktiven Mittel ausgewahlt stnd aus 
einem Glied der Gruppe, die besteht aus Pofyvtnyi- 
alkohol. Polyethytenglycol, Porypropytenglycol, 
Dextran, Agarose, Alginat Polyacrytamid, Polygly- 
cidol, Potyvinylalkohol-copolyethyten, Poly<ethy- 
tenglycc4-co-propylenglycoO v Pory<vtnytacetat-covt- 
nylalkohof), HPt-1, Poly(tetrafiuorethy1efwx>-vinyl- 
alkohol). Poly(acry^^M^acrytamid), Pory<acryl- 
nitril-co-acrylsdure-acrylamidin), Polyacrytsaure] 
Polyamid, Pofylysin, Polyethytenimin, Pofyvirtylpyr- 
rolidon, Poryhydroxyethylmethacrylat, Polysulfon . 
und Polysacchariden und ihren Copolymeren, ent- 
weder afleine Oder in Kombination. 

61 . Verfahren nach Anspruch 57, bei dem die hydrophi- 
ten Polymere ausgewahlt sind aus einem Gfied der 
Gruppe, die besteht aus Polyvtnyialkohol, Polyly- 
sin, Poly(acrylnitrB-co-acryts^ Po- 
ryacrylsaure, Poryhydroxyethylmethacrylat Polyvi- 
nyipyrrortdon. Poryethylenglycol, Alginat Sepharo- 
se. Agarose, Poiyethytentmtn, Polyaltylamin, Poly- 
amtnoethylmethacrylat Polyornrthtn. Potyami- 
noacrylamid, Polyacrylamid, Poty acrolein, Poiy- 
acrytoxysuccinimtd, Polysulfon, Pory(acrylnitriJ-co- 
acrytamid) und ihren Copolymeren, entweder aOet- 
ne Oder in Kombination. 

52. Verfahren nach Anspruch 57. bei dem das Vemet- 
zungsmittel ausgewahlt ist aus einem Gfied der 
Gruppe, die besteht aus Vinylen, ImkJazoten, Carb- 
amaten, AkJehyden, Epoxkten, Acylhalogentden, 
AJkythalogeniden, Isocyanaten, Amtnen, Anhydri- 
den, Sauren, Alkoholen. Thioten, Estem, Imiden 
und Maleimiden. 

>3. Verfahren nach Anspruch 57. auOerdem aufwei- 
send: 

Verwenden einer ausreichenden Mengean Vemet- 
zungsmittel beim Vemetzen der polymeren oberfla- 
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<chenaktiven Mittel In situ, so da& unurngesetzte 
chemisch raaktionsfShige Gruppen des Vernet- 
zungsmittels vorhanden sind. 

64. Verfahren nach Anspmch 57. au&erdem aufwei- 

Vernetzen der polymeren obefflachenafctlven Mittel 
in situ mil einem Vernetzungsmittel urter Betfmgun- 
gen. die keine Polymerisiemno des Vemeteungs- 
mittete bewirVen. 

65. Verfahren nach Anspruch 57. auOeidem aulwei- 

vtU^nden eines Katalysators nr.il dem Vfcnrf- 
zungsmittel. der nach dem Vemetajngs-Schritt ab 
einGastrei wird. 

66. Verfahren nach Anspruch 57. aufterdem aufwei- 
send*. 

Verwenden eines Katalysators mil dem Vernet- 
zungsmittel in der Form eines gelosten Gases. 

67. Material nach Anspruch 1. bei dem das Material 
nach dem folgenden Verfahren hergestein ist 

Bereitsteden eines Tragerbestandteils. 
Binden einer ersten Schicht. bestehend aus po- 
lymeren oberflachenaWiven Mitteln. an den 
Tragerbestandteil. 

Vernetzen der polymeren oberflachenaktiven 
Mittel in situ mil einem Vernetzungsmittel. 
Binden einer zweiten Schicht. bestehend laus 
mindestens einer Art eines hydrophiten Poly- 
mers, an die erste Schicht. und 
tmmobilisieren einer bioaktiven Spezies an der 
zweiten Schicht 

68. Material nach Anspruch 67. bet dem der Tragerbe- 
standteil ein nicht-poroses Porymermatenal auf- 
wetst 

69 Material nach Anspruch 68. bei dem das nfcht po- 
rose Polyrnermaterial ausgewahlt ist aus einem 
Gtted der Gruppe. die besteht aus Polytetraftuore- 
thylen. Polyethyten. Porypropyten, Polyethylenter- 
ephthalat. Polystyrol. Polysuifon, Potycarbont und 

* regenerierter Cellulose. 

70 Material nach Anspruch 67. bei dem der Tragerbe- 
standteil «in poroses Porymermaterial aufwest 

71. Material nach Anspruch 70, bei dem das pordse Po- 
tymermaterial ausgewahlt ist aus einem Gfied der 
Gruppe. die besteht aus porosem Poiytetratluore- 
thylen. porosem Polyethyten. porosem Pdyrxoply- 
en porosem Polyemytenterephthalat porosem Po- 
ryu'rethan. porosem SBiconkautschuk. porosem Po- 
lystyrol. porosem Polysuifon. porosem Polyester. 



pordsen Poryhydroxysauren. porosem Polycarbo- 
nat, porosem Poryimid. porosem Potyarrod. pord- 
sen Polyaminosauren und poroser regenenerter 
Cellulose. 

72 Material nach Anspruch 67. bei dem das polymere 
* oberflachenaktive Mittei ein muiUfunktioneltesCop- 
otymer aufweist das besteht aus mindestens einem 
Bereich mit physikaUs<^chemischer A ffinitat zu 
dem Tragerbestandteil und mindestens emem Be- 
reich. der mit dem Vernetzungsmittel chemisch re- 
aktionsfahig ist 

73. Material nach Anspruch 67. bei dem eif^stond- 
15 hatter-Verbindung zwischen der ersten Schicht und 

der bioaktiven Spezies eingeschoben ist 

74. Material nach Anspruch 73. bei dem die Abstand- 
halter-Verbindung ausgewahlt ist aus e«em Gked 
einer Gruppe. die besteht aus SuccinsSurc k Dtorm- 
nohexan. Gryoxyisaure. kurzkettigem Poryethyten- 
glycol und Glycin. 



75. Material nach Anspruch 73. bei dem die Abstand- 
halter-Verbindung spaltbar ist 

76. Material nach Anspruch 75. bei a^**^ 
Abstandhalter-Verbmdung ausgewahlt ist aus der 
Gruppe. die besteht aus Poryhydroxysauren. Poly- 

30 anhydriden. Polyaminosauren. Tartraten und Cy- 
stein-Unkem. 



77. GefSBtransplantat aufweisend: 

ein poroses Polytetrafluorethylen-Materiat. 
eine erste Schicht bestehend aus mindestens 
einer Art eines polymeren oberflachenaktiven 
Mittets, das an den Tragerbestandteil gebun- 
den ist und mit sfch in situ vemetzt ist 
eine zweite Schicht bestehend aus minde- 
stens einer Art eines hydrophiten Polymers, 
das an die erste Schicht gebunden ist und 
mindestens ein an die zweite Schicht gebunde- 
nes LysMsomer. wobei die zweite Schicht und 
-rmrnobitistertes Lysin als erne Blut-Kontakto- 
berflache dienen. 
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Revendications 

1. Materiau sur tequel est imfTWbifeee une espece 
bioactive. comprenant : 

un element de support; 
une premiere couche constituee <fau moms 
une espece d\m tenstoactif polymere. fixee a 
relement de support et co-reticulee in situ ; 
une deuxieme couche constituee (Tau moms 
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cf une espece d'un polymere hydrophite fixee a 
la premiere couche ; et 
au moins un type d'espece bioactive fixee a la 
deuxieme couche. 

5 

2. Materiau selon la revendication 1 . dans lequel rete- 
ment de support comprend un materiau polymere 
non-poreux. 

3. Materiau selon la revendication 2, dans lequel le " 
materiau polymere non-poreux est choisi parmi tes 
elements de rensembte comprenant le potytetra- 
fluorethylene, le polyethylene, le polypropylene, le 
poly<terephtalate ©"ethylene), le polystyrene, la po- 
lysulfone, le polycarbonate, le poly(ethylene-co- 15 
acetate de vinyte), le pdlyurethanne et la cellulose 
regeneree. 

4. Materiau selon la revendication 1 . dans lequel Ele- 
ment de support est choisi parmi tes elements de » 
I'ensemble comprenant la soie, la laine et le cuir. 

5. Materiau selon la revendication 1 , dans lequel Ele- 
ment de support comprend un materiau polymere 
poreux. 25 

6. Materiau selon la revendication 5, dans lequel le 
materiau polymere poreux est choisi parmi les ele- 
ments de rensembte comprenant le porytetraRuore- 
thytene poreux, le polyethylene poreux, le polypro- 30 
pylene poreux, le poly-(terephtalate d'ethytene) po- 
reux, le polyurethanne poreux, le caoutchouc silico- 
ne poreux, le polystyrene poreux, la pofysulfone po- 
reuse. le polyester poreux, les polyhydroxy-acides 
poreux. le polycarbonate poreux, le poryimide po- 35 
reux, le polyamide poreux, les poly(acides amines) 
poreux et la cellulose regeneree poreuse. 

7. Materiau selon la revendication 1 , dans lequel le 
tensioactif polymere comprend un copolymers mui- *o 
tifonctionnel constitue d*au moins un domaine ayant 
une affinite physico-chimique avec Cetement de 
support, et au moins un domaine qui est chimique- 
ment reactif avec un agent de reticulation. 

8. § Materiau selon la revendication 1 , dans lequel le po- 

lymere hydrophite comprend des groupes chimi- 
quement fonctionnelscapabtes de se fixer a la pre- 
miere couche, et des groupes chimiquement fonc- 
tionneis additkmnels capables de se fixer a respece so 
bioactive. 

9. Materiau selon la revendication 1, dans lequel le 
tensioactif polymere de la premiere couche est 
choisi dans rensembte comprenant le poly(alcool 55 
vinylique), le poryethylenegrycol, le polypropylene- 
glycol, le dextran, Tagarose, ralginate, le polya- 
crylamide, le polygrycidol, le poty(alcool vinylique- 



co-ethy»ene). le poly(emylene-grycol<o-propylene- 
glycol). le pory(acetate de vinyle-^aicooJ vmyfi- 
que), le poly(tetraftuorethylene-co-ateool vinyli- 
que), le poly<acrykwrtrile-co-acrylamide), le poly 
(acrylonitrile-co-acide acrytk)ue-cc-<acryternidine). 
le poly(acide acrylique), la polyfysine, la polyethy- 
leneimine. la polyvinylpyrrolidone, le poryfmetha- 
crytate d'hydroxyethyte) et la polysulfone, et teurs 
copolymeres, seuis ou en combinaison. 

Materiau selon la revendication 1 , dans lequel le po- 
lymere hydrophite de la deuxieme couche est choisi 
dans rensembte comprenant le polyfalcooJ vinyli- 
que), la polylysine. le poly(acrylcmitrte-co-acide 
acrylique-acrylamidine), le poly(actde acrylique), le 
poly(methacrylate d'hydroxyethyte), la polyvinylpyr- 
rolidone, le poryethyleneglycol. ralginate, le sepha- 
rose, ragarose, le poryethylene-imine, la poryalryia- 
mine. le poly(methacryiate d'aminoethyte). la poly- 
ornithine, le pofyaminoacrylamfde, le pofyacrytamh 
de, la polyacroleine, le polyacrytoxysuccinimide, la 
polysulfone, le pory(acrykmrtrile-co-acrylamide) et 
teurs coporymeres, seuis ou en combinaison. 

1 1 . Materiau selon la revendication 1 , dans lequel te po- 
lymere hydrophite comprend un copotymere statis- 
Uque de tetrafluorethylene et tfateod vinytique. 

12. Materiau selon la revendication 1 , dans lequel te po- 
lymere hydrophite comprend un copolymers de me- 
thacrylate d'hydroxyethyte et (fun hexafluoracryia- 
te. 

13. Materiau seton la revendication 1, dans lequel te po- 
lymere hydrophite comprend un copolymere de po- 
lyethylene et d*alcool vinytique. 

14. Materiau selon la revendication 1, dans lequel un 
compose espaceur est intercale entre la deuxieme 
couche et respece bioactive. 

15. Materiau selon la revendication 14, dans lequel le 
compose espaceur est choisi parmi les elements de 
rensembte comprenant raride succinique, le diami- 
nohexane. I'ackte glyoxylique, to polyethylene a 
courte chaine et la glycine. 

16. Materiau selon la revendication 14, dans lequel te 
compose espaceur est eliminabte. 

17. Materiau selon la revendication 16, dans lequel te 
compose espaceur eliminabte est choisi dans ren- 
sembte comprenant les poly hydroxy acides , les 00- 
lyanhydrides, les pory(acides amines), tes tartrates 
et les agents de liaison de la cysteine. 

16. Materiau auquel est immobilize une espece bioac- 
tive, comprenant : 



33 



«5 



EP 0 910 584 B1 



un element de support constitue tfun materiau 
polytetrafluorethytene ; 

une premiere couche constitute tfau moms 
une espece tfun tensioactif porymere fixee a 
relement de support at co-reticulee in situ avec 5 
des quantites suffisantes (fun agent de reticu- 
lation pour que des groupes ctiimiquement 
reactifc n'ayant pas reagi de ragent de reticu- 
lation sotent presents ; 

une deuxieme couche constitute tfau morns 
une espece tfun polymere hydrophile fixee a la 
premiere couche par rintermediare des grou- 
pes chimiquement reactifs et n'ayant pas reagi 
de ragent de reticulation ;et 
au moins un type cf espece bioactive fixe a la « 
. deuxieme couche. 

19 Materiau selon la revendfcation 18. dans tequel te 
' tensioacWpolymerecomprer^^ 
ttfoncttonnelconstitue cfau moms un domains ayant 
une affinite physico-chimique avec relement de 
support, et au moins un domaine qui est chmiique- 
ment reactif avec ragent de reticulation. 



tive. comprenant : 

un element de support : . 
une premiere couche constitute if au moms 
une espece d'un tensioactif polymere fixee a 
relement de support et co-retfculte m situ avec 
des quantites suffisantes tfun agent de reucu- 
tation pour que des groupes chimiquement 
reactifs n'ayant pas reagi de ragent de reticu- 
lation soient presents ; 

une deuxieme couche constitute tfau moms 

une espece tfun polymere hydrophile fixeeala 

prBrnierecoucr-parrmterr^ 

pes chimiquement reactifs et n'ayant pas reagi 

de ragent de reticulation ;et 

au rnoins un type tf espece bioactive fixe a la 

deuxieme couche. 

28 Materiau selon la revendfcation 27. dans tequel 
relement de support comprend un materiau poly- 
mere norvporeux. 



20 Materiau seton la revendfcation 18. dans tequel te 
polymere hydrophile comprend des groupes chmw- 
quement fonctionnels capabtes de se fixer aux 
groupes reactifs n'ayant pas reagi de ragent de re- 
ticulation, fixes a la premiere couche etayartdes 
groupes chimiquement fonctionnels additionnets 
capabtes de se fixer a respece bioactive. 

21. Materiau seion la revendfcation 18. dans tequel te 
materiau porytetraftuorethytene est poreux. 

22 Materiau seton la revendfcation 18. dans tequel te 
materiau polytetrafiuorethylene est non-poreux. 

23 Materiau seton la revendfcation 18. dans tequel un 
' compose espaceur est mtercate entre la deuxieme 

couche et respece bioactive. 

24. Materiau seton la revendfcation 23. dans tequel te 
compose espaceur est choisi parmi les elements de 
rensembte comprenant racide succmique. te diami- 
nohexane. racide glyoxyKque, le polyethylene a 

* courte chaine et la glycine. 

25. Materiau selon la revendfcation 23. dans tequel te 
compose espaceur est elknmabte. 

26. Materiau seton la revendfcation 25. dans tequel te 
compose espaceur eliminable est choisi dansTen- 
sembte comprenant tes polyhydroxyacides. les po- 
tyanhydrides. les poly<acides amines), tes tartrates 
et les agents de liaison de la cysteine. 

27. Materiau auquel est immobilisee une espece bioac- 



29 Materiau seton ta revendfcation 28, dans tequel te 
* materiau polymere non-poreux est choisi Panni tes 
25 elements de rensembte comprenant te polytetra- 
fluorethytene. te polyethylene, le polyi>ropylene. te 
potyOerephtalate tfethylene). te polystyrene, la po- 
tysulfone. te polycarbonate et la cellulose regene- 
ree. 

* 30 Materiau selon la revendfcation 27. dans tequel 
relement de support comprend un materiau poty- 
( poreux. 



35 31. Materiau seton la revendfcation 30 dans tequel te 
materiau pdymere P oreux ***** 
ments de rensembte comprenant le polytetrafiuore- 
thylene poreux, te poryethylei^pore^ 
pytene poreux, le pory(terephtalate tf etriyteneh*> 

40 reux. le polyurethanne poreux. te caoutchouc silico- 
ne poreux. le polystyrene poreux. la porysurformpo- 
reuse. te polyester poreux. tes potyhydroxyaodes 
poreux. te polycarbonate poreux. te polyimide po- 
reux. le potyamide poreux. tes poly(acides amines) 

45 . poreux et la cellulose regeneree poreuse. 

32. Materiau selon la revendfcation 27. dans tequel to 
tensioactif porymere comprend un copolymer mut- 
titonctionnel constitue tfau moins un domaine ayant 

so une affinite physico-chimique avec relement de 
support, et au rnoins un domains qui est dumique- 
ment reactif avec un agent de reticulation. 

33. Materiau seton la revendfcation 27. dans lequel te 
55 polymere hydrophile comprend des groupes crwm- 

ouement fonctionnels capabtes de se fixer aux 
groupes reactifs n'ayant pas reagi de ragent de re- 
ticulation, fixes a la premiere couche et ayant des 
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groupes chimiquement fonctionnels additionnels 
capables de se fixer a respece bioactive. 

34. Materiau selon la revendlcation 27, dans tequel un 
compose espaceur est intercale entre la deuxieme 5 
couche et respece bioactive. 

35. Materiau selon la revendication 34, dans lequel le 
compose espaceur est choisi parmi les elements de 
I'ensemble comprenant Tackle succinique, le diami- 10 
nohexane, Pacide glyoxytique, le polyethylene a 
courte chatne et la glycine. 

36. Materiau selon la revendication 34, dans tequel te 
compose espaceur est eJtminabte. is 

37. Materiau selon la revendication 36, dans tequel le 
compose espaceur eliminate est choisi dans Ten- 
semble comprenanties polyhydroxyacides. les po- 
lyanhydrides, les poly(acides amines), les tartrates *> 
et les agents de liaison de la cysteine. 

38. Materiau sur tequel est immobilisee une espece 
bioactive, comprenant : 

25 

un element de support ; 
une premiere couche constitute d*au moins 
une espece tfun tensioactif polymere fixee a 
Element de support etco-reticulee in situ avec 
des quantites suffisantes (fun agent de retfcu- 30 
lation pour que des groupes chimiquement 
reactifs n'ayant pas reagi de ragerit de reticu- 
lation soient presents ; et au moins un type 
(Tespece bioactif fixe a la premiere couche. 

35 

39. Materiau selon la revendication 38. dans lequet 
['element de support comprend un materiau poly- 
mere non-poreux. 

40. Materiau selon la revendication 39. dans tequel le *o 
materiau polymere non-poreux est choisi parmi les 
elements de I'ensemble comprenant le polytetra- 
fluorethylene. le polyethylene, le polypropylene, le 
poly(terephtalate d'ethytene), le polystyrene, la po- 
lysulfone. le polycarbonate et la cellulose regene- 45 
ree. 

41. Materiau selon la revendication 38. dans tequel 
I'element de support comprend un materiau poly- 
mere poreux. 50 

42. Materiau selon la revendication 41; dans tequel te 
materiau polymere poreux est choisi parmi les ele- 
ments de rensembte comprenant te polytetra fluore- 
thylene poreux. te polyethylene poreux, le potypro- 55 
pylene poreux, le poly(terephtaJate Methylene) po- 
reux, le polyurSthanne poreux, te caoutchouc silico- 
ne poreux. te polystyrene poreux, la pofysulfone po~ 



reuse. te polyester poreux. les polyhydroxyacides 
poreux, le polycarbonate poreux, le potytmrde po- 
reux. le pofyamide poreux, les pofy<acides amines) 
poreux et la cellulose regeneree poreuse. 

43. Materiau selon la revendication 38, dans tequel te 
tensioactif polymere comprend un coporymere mul- 
tifonctionnel constitue d*au moins un domaine ayant 
une affinite physico-chimique avec Pelement de 
support, et au moins un domaine qui est chimique- 
ment reactif avec un agent de reticulation. 

44. Materiau selon la revendication 38. dans tequel un 
compose espaceur est intercale entre la premiere 
couche et respece bioactive. 

45. Materiau selon la revendication 44, dans tequel te 
compose espaceur est choisi parmi les elements de 
rensembte comprenant ractde succinique, te diami- 
nohexane. racide glyoxytique. le polyethylene a 
courte chafne et la glycine. 

46. Materiau selon la revendication 44, dans tequel te 
compose espaceur est elimtnabte. 

47. Materiau selon la revendication 46, dans tequel te 
compose espaceur eliminabte est choisi dans ren- 
sembte comprenant les polyhydroxyacides. les po- 
lyanhydrides. les po!y(actdes amines), les tartrates 
et les agents de liaison de la cysteine. 

48. Materiau sur tequel est immobilisee une espece 
bioactive, comprenant : 

un element de support ; 

une premiere couche constituee rfau moins 

une espece d'un tensioactif polymere fixee a 

('element de support et co-reticulee in situ ; 

une plurafite de couches fixees rune a rautre, 

ou chaque couche est constituee d*au moins 

une espece d'un polymere hydrophOe, et ou au 

moins une couche de la pturalite de couches 

est fixee a la premiere couche ; et 

au moins un type d'espece bioactive fixee a au 

moins une couche de la pluralite de couches. 

49. Materiau selon la revendication 48. dans tequel 
I'element de support comprend un materiau poly- 
mere non-poreux. 

50. Materiau selon la revendication 49. dans tequel te 
materiau polymere non-poreux est choisi parmi les 
elements de rensembte comprenant te pofytetra- 
fluorethytene. le polyethylene, te polypropylene, le 
pbrrfterephtalate Methylene), te polystyrene, la po- 
fysulfone, le polycarbonate et la cellulose regene- 
ree. 
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51. Matfriau seton la revendfeatfon 48. daw tequel 
relement de support comprend un mater.au f»ry- 
mere poreux. 

52. Materiau seton la revendication 51. dans lequelte * 
materiau polymere poreux est chotsi parm. tea ele- 
ments de rensembte comprenant te polytetrafluore- 
thytene poreux. le polyethylene poreux. le polypro- 
pylene poreux. te poly(terephtalate ***^>£; 
reux. le poryurethanne poreux. te caoutchouc s*co- «o 
M poreux. le po»styrene poreux. te 
reuse, le polyester poreux. te. po^^ 
poreux. te polycarbonate poreux. le J>°^ e J^ 
reux. te polyamkte poreux. tes polymeries amxtes) 
poreux et la cellulose regeneree poreuse. 

53 Materiau seton la revendication 48. dans tequel un 
' compos* espaceur est mtercale entre au moms une 
ouchede la plurality de couches et respece b»ac- ^ 
tive. 

54. Materiau seton la revendication 53 dansjeoueite 
compose espaceur est choisi parmi les elements de 
.ensemble comprenant radde ^^^T M 
no+exane. ractoe glyoxyttoue. te polyethylene a 
courte chains et la glycine. 

55. Materiau seton la revendication 53. dans tequel le 
compose espaceur est ellminabte. M 



60 Precede seton la revendication 57. dans tequel les 
' tensioactifs polymeres sent choisis parmi tee 616- 
ments de rensembte comprenant te poly(atoool w 
nytique). te polyethyteneglyeol. te poivpropytene- 
nlycol. te dextran, Tagarose. ratojnato. te polya- 
crytamide. te polygtyctool. te poly(alcool vinyOque)- 
co-polyithylene, te rxjry(6mylenegrycol<o-rxopyte- 
negrycol). te poly{ac6tate de vtoyte-co-ateool vinyfi- 
S^HPL-1. le pc^tetrafhiortmyler^co-s^ 
vrnyftoue). te poMacrytenitrite^acrytemtoe^e 
po^acrvtonxrile-co-acide acry1teueH«>-acryte^ 
ne). te portfactoe acryBque). te P^^ to P°£ 
tvsine. la poly6thytene-imine. la poryvmyipynottoo- 
ne te poly(m6thacrylate tfhydroxy6thyte). la pory- 
suHone et tes potysaccharides. e t teurs coporyme- 
res, seub ou en combina'rson. 

61. Precede seton la revendteatton 57. danslequel les 
polymeres hydrophites sort choisis parmi tes6»- 
rnVnts de fensembte comprenant te potv<ateoc^- 
nvlique). la polytysine. te poly(acrytonitrite^>-a«de 
^yCe-acntemidlne). te poly(actoe acryltoue). te 
poMrrtethacrytate <fhydroxy6thyte). la poryvirrytpyr- 
nrfdon,. te pory6thytenegrvcol. ratainate. te s6pha- 
rose. ragarose. te pory6mytene-irr^ la^^Uyte- 
mine. te poly(m6thacrylate d'ammoethyte). la poly - 

ornimteeil^^^ h P^Tt 

de. la polyacroteine, le poryacrytoxysuaarwntoe. la 
polysulfone. te poly(acrytonitrite<o-acrylamtoe) et 
leurs copolymeres. seuls ou en combtnaison. 



56 Materiau sdton te revendication 55, dans tequel te 
compose espaceur eliminable est choisi dans ren- 
sembte comprenant les poryhydroxyactoes. tes po- 
lyanhydrides. tes pory(acWes amirtes). tes tartrates ^ 
et les agents de liaison de la cysteine. 

57 Proced6 de fabrication durvmateriau sur tequel est 
' imm obiBsee une espece btoactive. qui comprend : 

la mise k disposition <Tun element de support ; ■» 
radsorptton. par retement de support, d'une 
premiere couche constituee de tenswactrfs 

polymeres; . . ... 

la reticutation des tensioactifs polymeres in srlu ^ 

avec un agent de reticulation ; 
la fixation, a la premiere couche. d'une deuxte- 
me couche constituee tfau motes un type de 
polymere hydrophite ; et 

(/immobilisation d'une espece btoactive sur la ^ 
deuxieme couche. 

58 Proced6 seton la revendication 57. dans tequel 
' retementdesupportestunniaterteupolyrnerenon- 

poreux. M 

59 Proc6d6 seton la revendication 57. dans tequel 
" lament de support est un materiau polymere po- 
reux. 



62 Precede seton la revendteatton 57. dans tequel 
* ragent de rtuculatton est choisi parmi tes 6temems 
de rensembte comprenant tes composes vinyh- 
ques. tes imidazoles, tes carbamates, tes aWehy- 
des. tes epoxydes. tes hatogenures djcyte tes 
hatogenures dakyte. les isocya^. tes am«e^ 
les anhydrides, tes acides. tes atoools. les thots. les 
esters, tes imides et tes mateimides. 

63. Proced* seton la revendication 57. qui comprend 
en outre MtiBsatton dune quanttte suffisante 
d'agent de reticulation, tors de la reticutebon des 
tensioactifs polymeres in situ, pour que des greu- 
pes chimiquement reacufs n'ayant pas reagi de 
ragent de rttteulation soient presents. 

64 Proceoe seton la revendication 57, qui comprend 
' en outre la reticulation des tensioactifs polymeres 
in situ avec un agent de reticulation dans des con- 
ditions qui ne produisent pas une polymerisation de 
ragent de reticulation. 

65. Precede seton la revendication 57. qui commend 
en outre rutiUsatton dun catalyseur avec ragent oe 
rtticutotton. qui se degage sous forme tfun gaz 
apres r6tape de r6ticulation. 
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66. Procedt seton la revendication 57, qui comprend 
en outre fertilisation d'un catalyseur avec ragent de 
reticulation sous forme d'un gaz dissous. 

67. Materiau selon la revendication 1, dans lequel le 
materiau est produit par le precede suivant : 

mise a disposition d'un element de support ; 
fixation, a Telement de support, d'une premiere 
couche constitute de tensioactifs polymeres ; 
reticulation des tensioactifs polymeres in situ 
avec un agent de reticulation ; 
fixation, a la premiere couche, (Tune deux feme 
couche constitute d'au moins un type de poly- 
mere hydrophile ; et 

immobilisation d'une espece btoactive sur la 
deuxieme couche. 

66. Materiau selon la revendication 67, dans lequel 
Telement de support comprend un materiau poly- 
mere non-poreux. 

69. Materiau selon la revendication 68. dans lequel le 
materiau poJymere non-poreux est choisi parmi les 
elements de Tensemble comprenant le porytetra- 
fluorethylene. le polyethylene, le pofypropyfene, le 
polyftertphtalate (Tethyltne), le polystyrene, la po- 
lysulfone. le polycarbonate et la cellulose regene- 
ree. 
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compose espaceur est choisi parmi les elements de 
Tensemble comprenant Tackle succinique, ie diamr- 
nohexane, racide glyoxylique. le polyethylenegly- 
col a courte chafne et la glycine. 

75. Materiau selon la revendication 73, dans lequel le 
compose espaceur est elimmabte. 

76. Materiau selon la revendication 75, dans lequel le 
compost espaceur eliminate est choisi dans Ten- 
semble comprenant les poJyhydroxyacides, les po- 
lyanhydrides, les po»y(acides amines), les tartrates 
et les agents de liaison de la cysteine. 



1$ 77. Greffe vasculaire comprenant : 

un materiau polytetrafluorethyiene poreux ; 
une premiere couche constitute d'au moins 
une espece d'un tensioactif poiymere fixee a 
20 Telement de support et co-reticuiee in situ : 

une deuxieme couche constitute d'au moms 
une espece de poiymere hydrophile fixee a la 
premiere couche ;et 

au moins un isomere de lysine fixe a la deuxie- 
» me couche, la deuxieme couche et la lysine inv 

mobitisee servant de surface de contact avec 
lesang. 



70. Materiau selon la revendication 87, dans lequel 
I'element de support comprend un materiau poiy- 
mere poreux. 

71. Materiau selon la revendication 70, dans lequel le 
materiau poiymere poreux est choisi parmi les ele- 
ments de Tensemble comprenant le poiytetrafiuore- 
thylene poreux, le polyethylene poreux, le polypro- 
pylene poreux, le polyftertphtalate d'ethytene) po- 
reux, le potyurethanne poreux, le caoutchouc silico- 
ne poreux, le polystyrene poreux, la polysulfone po- 
reuse, le polyester poreux, les polyhydroxyacides 
poreux, le polycarbonate poreux, le polyimide po- 
reux, le polyamide poreux, les polyfacides amines) 
poreux et la cellulose regeneree poreuse. 

72! Materiau selon la revendication 67, dans lequel le 
tensioactif poiymere comprend un copolymere mul- 
tifonctkmnel constitue d'au moins un domaine ayant 
une affinite physico-chimtque avec Telement de 
support, et au moins un domaine qui est chimique- 
ment reactif avec un agent de reticulation. 

73. Materiau selon la revendication 67, dans lequel un 
compost espaceur est intercalt entre la premiere 
couche et r espece bioactive. 
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74. Materiau selon la revendication 73, dans lequel le 
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FIG. 6 
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FIG.9 
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FIG. 12 
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